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In the British campaign in Palestine camels have been an important factor both in the fighting and in transport service 
THE SHIP OF THE DESERT [See page 231) 
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The Gates of Asia’ 


Some of the Problems of the Campaigns in the East 


“Upon application the Kings of Pheenicia and Cyprus 
made their submission, only Tyre held out. Alexander 
besieged that city seven months, during which he erected 
vast mounds of earth, plied it with engines, and invested 
it on the side next the sea with two hundred gal- 
leys. * * * From thence he marched into Syria and 
laid siege to Gaza, the capital of that country.”—PLutT- 
ARCH’s “Lives.” 

“Wars in ancient times seemed to move from east to 
west, for the Persians, Assyrians, Arabs and Tartars 
who were the invaders were all Eastern peoples.”— 
Bacon's “Essays.” 


“Repulse with plumes from conquest torn 
Led the 10,000 from the limits of the morn 
Through many a hostile anarchy ; 

At length they wept aloud and cried, 
The Sea, the Sea.” 
SHELLEY, “Hellas.” 


“El Kods (Kuds), that is the Holy City, as it is called 
by the Arabs, lies nearly 2,600 feet above the sea-level, 
on a plateau which slopes gently southwards, and which 
is enclosed on three sides by deep ravines.”—ELIseE 
Rectus, “Universal Geography.” 

“The fate of the East is in yonder fort Acre; the fall 
of Acre is the object of my expedition. Damascus will 
be its first fruit.”"—-NapoLeon, 1799. 

“No event down to the retreat from Moscow so deeply 
affected Napoleon as the repulse at Acre. It was not, 
however, the loss of his bravest troops thereat and the 
seeds of the plague at Jaffa which affected him most; 
it was the overthrow of his dreams of Oriental con- 
quest (at this Gate of Asia on the route to Damascus 
and Aleppo) which cut him most to the heart. Stand- 
ing on the mountain which bears the name of Richard 
Coeur de Lion, he said to his secretary, Bourrienne, 
‘Yes, that miserable fort has indeed cost me dear.’ 
Speaking of the British hero and master of the watery 
main, he declared that only for Sir Sidney Smith he 
would have reached the Indies and, like Alexander the 
Great, changed the face of the world, and as he retired 
back to Egypt, he repeatedly referred to the British 
Admiral, and he maintained all through his magnificent 
European career, ‘that man made me lose my destiny.’” 
—Atson’s “History of Europe.” 


ASIA 

Asia is one of the three parts of the ancient world, 
and is separated from Europe by the river Tanais 
(Don), the Euxine or Black Sea, and the Aegean and 
Mediterranean Seas. The Nile and Egypt divide it from 
Africa. It derives the name of Asia from the fabled 
daughter of Oceanus. This part of the globe has given 
birth to many of the greatest monarchies of the uni- 
verse, and to the ancient inhabitants of Asia we are 
indebted for most of the arts and sciences. The Assyrian 
Monarchy included the Garden of Eden or Mesopo- 
tamia and Syria and the Holy Land, and lasted, accord- 
ing to Eusebius, about 1,250 years, and the Empire of 
the Medes and Persians lasted about 500 years, till its 
conquest by Alexander the Great, and it was from Asia 
that the most memorable strategic lessons have been 
given to mankind by the retreat of the 10,000 Greeks 
under Xenophon, the long career of the Macedonians 
and the Roman generals like Pompey and Cesar, and 
from which stupendous military expeditions of Mongols 
like Zenghis Khan and Tartars like Tamerlane and the 
Saracens and Turks, well-nigh obliterated, and cer- 
tainly left in the shade, the boldest and grandest efforts 
of the Grecian and Roman Emperors, 

As to sea-power, it saved Greece from Asia at Salamis 
and gave the East Indies to England and Port Arthur 
to Japan, and Bagdad to the British. 

As to Northern Asia, we have already shown in this 
magazine how Russia in this last century seized all the 
decisive strategic points from the Caucasus to Mery 
and Samarkand, and reached the Pacific and linked 
the Amur to Moscow by the long-drawn railway which 
transferred 1,100,000 Muscovite troops to the Man- 
churian battlefields in 1904-5, where took place once 
more one of the most striking of all the vicissitudes of 
Empires when the Yellow race resisted and defeated, 
by Napoleonic strategy and tactics, the armies of the 
Tsar. But, alas! this same railway is now the scene 
of the most awful of all historic catastrophes—worse 


*From the United Service Magazine. 


By T. Miller, Maguire, M.A., LL.D. 


than any Tartar horde could conceive—when the dis- 
ciplined order of Russian civilization—Bastern or 
Western—is involved in chaos by the senseless experi- 
ments of ignorant revolutionists as far east as Harbin 
itself. 

How our folks from the extreme western islands, the 
Cassitarides and the Island of Saints, have availed 
themselves of that which Lord Bacon, the sublime 
philosopher and seer, called their “principal dowry” to 
‘win India and to control the whole peninsulas and 
inland seas and islands to Burmah and Australasia, is 
now an old story relatively to recent twentieth century 
developments. Indeed, the collapse of Russia removes 
for the time the threat of pressure from the Colossus 
of the North, which seemed an imminent danger to 
skilled observers such as Sir Sydenham Clarke and 
Baron Suyematsu as recently as 1904. 

As to Western Asia, perchance ere long our mer- 
chants, also following in the footsteps of our soldiery, 
will retrace the footprints of ages, and in Pheenicia 
itself emulate the celebrity of Tyrean and Sidonian 
enterprise, and whole fleets of the ancient marines of 
Mediterranean ports from Sidon to Carthage and Mar- 
seilles and Corinth all put together could scarcely equal 
the tonnage of any of our great liners, which transport 
entire battalions and batteries on a voyage through the 
Mediterranean Straits and the Suez Canal to our gen- 
erals who are operating in the portals of Asia Minor, 
and revive once more the glories and the toils of the 
actors of so many famous deeds and founders of antique 
cities chronicled in the amazing pages of Herodotus and 
Plutarch. 

Here I may refer to letters, which I quote with a 
singular mixture of melancholy and of elation—the one 
written amid the ruins of Nineveh and the other close 
to the Palace of Solomon, by British officers, who were 
busy at the time re-opening to the world Bagdad, Gaza, 
and Jerusalem. 

It is quite probable that their victories mean more 
than the imagination of any general—and of these the 
least has far keener vision as to the forces that make 
and unmake kingdoms, and as to the future of exten- 
sive and numerous combinations of mankind, than have 
the most prominent political leaders of partisan chic- 
anery—the victories, I repeat, of men like Maude and 
Allenby may have very far-reaching results, and at any 
rate will prevent the sands of the desert overwhelming 
with their remorseless and grinding tides the remnant 
of the sublime architecture of the, ancient “kings of 
kings,” and on the routes between Damascus and Pal- 
myra, prevent poets from bewailing the fate of Oxy- 
mandias by the broken ruins of magnificent sculptures— 


Round the decay 
Of whose colossal wreck boundless and bare 
The lone and level sands stretch far away.” 


SHELLEY'S PROPHECIES 


Little could we have expected, when dwelling on the 
inspirations of British literature to classes of cadets, 
that the most brilliant themes and fancies of British 
poets would be realized in our own time, and the Gates 
of Asia re-opened by themselves and their comrades. 
I have before me letters from a series of our generals 
narrating exploits far beyond all Greek and all Roman 
fame. 

Some of the last letters of General Sir Stanley 
Maude have already appeared, but none more interest- 
ing than one to myself: herein still lingers a fine spirit, 
a vital spark of heavenly flame, which not even the 
death of my soldier friend can entirely quench. And 
as this article refers to the British Army, I am glad 
that the United Service Magazine, which has ever been 
its hearty champion, can repeat such striking testimony 
to its services. 


“General Headquarters, 
“Mesopotamia Expeditionary Force, 
“15th May, 1917. 

“As you will understand, things have been somewhat 
strenuous out here. It is not merely the operations 
which have been practically continuous, and which one 
has had to conduct, but there are hundreds of other 
matters which have combined to make every moment 
of the day precious. 

“The reorganization of the Civil and Military Admin- 
istration of Bagdad, the development of local resources 


for supply purposes, the reconstitution and improve- 
ment of our lines of communication, the planning of 
future railway lines, the control of the tribesmen, the 
political questions in connection with the whole era, 
these and many other items in addition to preparation 
of plans for future fighting, in which we may possibly 
be involved, have all combined to make my. time very 
busy. Moreover, the arrival of the Russians in the 
neighborhood has not simplified matters, so I know 
that you will forgive my apparent laxity. Everything 
went smoothly from start to finish, and no praise is too 
high for the way in which our troops fought and 
marched. Now, having obtained all that we set out to 
get, including Samerah, we shall be able to give the 
troops a much-needed rest during the hot weeks. 

“I think the Turks are fairly scared, and althouzh 
they put up a bit of a fight whenever we appeared and 
approached them, now they always retreat the same 
night, and correspondingly our troops are in splendid 
spirits, and consider themselves much superior to the 
enemy. 

BAGDAD ITSELF, 1917 

“Bagdad is not, to my mind, a very interesting ci'y, 
in spite of its ancient glory, but it is certainly up to a 
certain point picturesque. On the other hand, it is 
filthy, dirty and most evil smelling, but we are doing 
a lot to it, and improvements are noticeable on all sides 
already. So I hope that before the war is over it will 
be quite a model city.” 

Thus wrote a British general in the midst of his 
arduous duties, which rivalled both in imagination and 
utility the hopes of sacred poets and the best endeavors 
of Saracenic Caliphs in his attempts to revive the 
primeval glories of the oldest of capitals from the wreck- 
age of ages. 

But I must turn again to the British soldiers who are 
reopening other routes of ancient civilization along the 
eastern coast of the Aegean and across the Jordan, and 
thence to the Isthmus of Sinai and back again to where 
the pyramids of the Pharaohs with their marvels of 
indestructibility and mathematical architectural grand- 
eur soar above the battlefields of Napoleon in the plain, 
where the cavalry of Drury-Lowe halted to salute that 
mysterious, awe-inspiring statue of the Sphinx, 1882. 

Before reading the brilliant allocations with which 
the Vatican celebrates the reopening of the sacred places 
of Palestine to Christian armies, I had a letter from a 
distinguished and successful general who declared to 
myself before departing for the East, that he had never 
learned in his youth any literature or history or any 
other branch of knowledge which had not been of real 
utility to him in manhood. . 

I had very sound reasons for thanking him for this 
testimony, and in return I received among other inter- 
esting details these references to that historical geog- 
raphy which is my theme. 

“Early in December we were camped some eight or 
nine miles south of Askalon, and from our camp we 
could see the whole plain of Philistia from Dan to 
Beersheba and the whole range of the mountains from 
the valley of Esdraelon. The mountains of Judea are 
of the stoniest, and make a very difficult battlefield. 
Part of our battle front is 3,000 feet above the sea, in 
rocky, barren mountains, part of it is in the sand dunes 
by the sea.” 

Every brave officer gives due credit to his opponents, 
and as Jerusalem has been taken since the letter was 
written, I am allowed to quote this British soldier, who 
does not lack imagination either, as to mere historic 
facts. “Our troops are within five miles of Jerusalein, 
the Turks have fought and are fighting well, even 
though defeated and suffering enormous losses.” 

Since these lines were penned in the Holy Land by 
our friend, other successes have placed roads to other 
old routes to the very innermost recesses, and the 
prominent historic coastal cities of Western Asia, to 
Acre and Antioch, and perchance to the Tarsus of St. 
Paul and to those Cilician gates of the piratical prov- 
ince which was rendered famous by Cicero and com- 
pletely subdued by that far-seeing and imaginative 
Roman imperator, who sent his son, Titus, to overwhelm 


_. Jerusalem and burn its Temple; but this famous seat of 


venerable religious and decisive strategic center of con- 
verging traders and invading armies and religious 
pilgrims could never become a merely ruined waste. It 
is greater to restore than to destroy, and much as the 
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exploits of Roman and Moslem conquerors have been 
belauded by historians from Josephus to Gibbon, let 
us hope that, niggard though our people be of praise to 
soldiers, the remarkable vicissitudes of fame which the 
forces of General G. E. Allenby have consummated in 
December, 1917, may equal in good results, as in heroic 
efforts, the exploits of his contemporaries Maude and 
Marshall in Chaldiea, 

I have not space to dwell upon the effects which the 
further development of the railway system in Southern 
and Western, as well as in Central Asia may bring 
about. The German plans, especially the Smyrna to 
Bagdad line, were bold strokes, but have been foiled 
and perhaps finished up by the present tremendous war, 
and the present Russian political frenzies have not 
hastened the progress of international intercommunica- 
tion between the populations of the old Asiatic empires 
and Europe. 

But we must agree with my correspondents and the 
leading French and Italian authorities on military 
geozraphy, who anticipate great changes in the com- 
mercial routes and markets of the world as probable 
consequences of the most recent efforts of our Imperial 
forces in Assyria and Syria. Asia Minor and the Holy 
Lan! may once more become the central market of the 
ancient world, when railways connect the northern part 
of the Persian Gulf and Port Said; the trade value of 
the Suez Canal might be diminished, but all the Gates 
of Asia and the traffic of these regions would still be in 
British hands if we maintain unrestricted our com- 
man! of the sea, and then Western Asia in any case 
wou! inherit the good fortune of the Nile Valley. 

The Tigris and Euphrates may see once more arising 
on their banks all the splendors of civilization which 
time has wrecked, and a twentieth century railway 
may retrace the roads of the caravans which of old 
have linked together the opulence of the Asiatic nations 
and the trading towns of Europe. 

Meanwhile, let us give honor to whom it is due. Even 
in the twentieth century Clio will be true to her name. 
nor will the Goddess of History neglect to crown with 
her laurels the bravery and fortitude of illustrious 
herces in the most ancient homes of glory merely 
becuuse they have served under the standard of St. 
George. 

But we must be wise in time as to the command of 
the sea. Sea supremacy in our days has become quite 
another matter from that of the battle of Alexandria 
in 1798, or, indeed, that of 1882. It involves rule of 
the deep under the waves as well, just as he would be 
a very unskilled general who did not recognize that 
success in land warfare now required fleets of fiying 
machines as well as batteries of artillery. Moreover. 
ports, coastal defenses and harbors which had hecome 
quite useless for great commercial liners or for huge 
ironclads, may serve to shelter submarines and similar 
craft quite effectively, and creeks and bays unknown 
to fame since the days of Queen Elizabeth and the 
Barbary pirates, may become celebrated once more. 
And on these points we must adopt the very able criti- 
cism of Colonel Sir T. Holdich, who writes so appro- 
priately on the future of the Levant in the Morning 
Post. 

“These are days when the whole question of se» 
command is subject to changes in distribution of power 
and men, changes the ultimate issue of which coul 
not be foreseen, but of which we have already exper 
enced most disquieting symptoms, and which will exer 
cise all that ingenuity of our greatest maritime advisers 
and authorities to regulate to our own advantage. The 
Period of big ships, of heavy armor, defense, and of 
powerful guns seems to be on the wane, and the dawn 
is apparently breaking of another phase of sea power 
which indicates the value of long lines of rugged coast, 
and the opportunity thus afforded of making unre- 
Strained use of the submarine, against which the 
powerful and expensive “Dreadnought” with its para- 
Phernalia of guns and armor can never be fairly 
matched.” 

“Coast-lines must in future be regarded from a new 
Point of view. Hitherto they have served defensive 
Purposes with the assistance of strong forts and far- 
Teaching artillery. These defensive positions still 
Prove on the whole superior to attack from the sea, for 
the excellent reason that ships can be sunk and for- 
tresses cannot; but they will now have to be reckoned 
in terms of opportunity, not so much for the construc- 
tion of submarines as for their maintenance.” 

When our troops took command of old Jericho and 
Naplous, the new town of the Emperor Vespasian, the 
Sechim of still older times, and a still more significant 
enterprise when they entered Jerusalem itself, they 
imprinted the footprints of British energy, let us hope. 
for centuries on the sands of time. 


Why has Jerusalem, the scriptural “Heir of Peace,” 
been such an objective of competing ambition and reli- 
gions? Why has it sustained so many ruinous sieges 
and recovered in epoch after epoch, even from the cap- 
tivity of the Jews by the Assyrians to the burning of 
its Temple by Titus, 70 A. D., and the fell massacre 
of its Moslem occupants by the Crusaders, 1099 A. D.? 

Jerusalem owed its origin to its strategical position 
on a rock, admitting of easy defense, and itself com- 
manding the outer parting of South Juda between the 
Mediterranean and the Dead Sea basins, and moreover, 
its religious prestige in every modern state and its 
historical renown in themselves justify its importance, 
and Allenby’s zeal to secure its possession. 


The German Petroleum Industry 

THE German petroleum Company has decided to pay 
a dividend of 8 per cent. for each of the last two years, 
1915-16 and 1916-17. The company had expected to 
reap the full benefit of the boom which the war brought 
for so many industries, including the mineral oil indus- 
try, but the happenings in Roumania and the havoc 
wrought on the Steana Romana concern frustrated these 
plans. It has been possible to reopen a number of old 
boreholes which had been blocked up, and new bore- 
holes have also been made, some of them already being 
productive. This more especially applies to borings 
undertaken jointly by the Steana Romana and the 
German Rockoil Company, principally on property 
belonging to the State of Roumania. The results have 
on the whole exceeded expectations. The balance sheet 
for 1915-16 contains the accounts of the Steana Romana 
for 1915, which year was reduced to 7% months. For 
the first time a dividend on the year of 16 per cent. 
was attained. No dividend for the Steana Romana was 
included for the year 1916-17. The European Petro- 
leum Union could not issue a balance sheet for 1915 
either, as no reports could be obtained from the affiliated 
companies in hostile countries. All its interests in 
American petroleum undertakings had been disposed of 
to good advantage. The very valuable English selling 
s»ompanies of the European Petroleum Union, as well 
is the shipping company, domiciled in London, had, 
several months ago, been sold to the Anglo-Persian Oil 
“Company, over which the English Government exercises 
the leading control, but so far it had not been possible 
to ascertain at what price. The Austrian petroleum 
undertaking, the Vulkan and the Fortuna concerns, 
nave been energetically developed and acquired a num- 
ber of new concessions. The capital invested in the 
(Austrian undertakings now amounts to about 10,000,000 
kr. (400,0001.) The German Petroleum Company. 
which in the spring of 1915 acquired a number of shares 
in the German Rock Oil (Erdél) Company, have since 
increased their holdings, which may now be looked upon 
as a permanent investment. Of other investments may 
be mentioned shares fcr 4,000,000 kr. in the Hungarian 
Natural Gas (Erd Gas) Company and shares in the 
Deep Boring Technique and Motor Construction Com- 
pany. The company’s holdings of shares in other con- 
cerns amounted to 29,863,825 marks on September 30. 
1917. The dividends for the last two years, referred to 
above, of 8 per cent., are the same as the one declared 
for 1914-15. 

The Austria Petroleum Industry Company, Vienna, 
which embodies the Austrian production, refining and 
transport interests of the German Rock Oil (Erdél) 
Company, has drawn up a report for the last four years, 
which includes the periods of military disturbances in 
Galicia. In spite of the difficulties which had to be 
encountered the company is now able to pay its share- 
holders 30 per cent. dividend, equal to 7% per cent. 
dividend for each of the four years in question. The 
undertakings of the German Rock Oil Company in this 
connection are four refining establishments and the 
mines of the Premier Petroleum Company, formerly 
the Premier Oil and Pipe Line Company, but the Olex 
Company is outside this arrangement. The share capi- 
tal now amounts to 12,000,000 kr. (480,0001.), having 
been increased by 2,000,000 kr. in 1916, most of which 
capital is held by the German Rock Oil Company, which 
in 1915 wrote off 6,000,000 marks and in 1916 further 
830,000 marks on their Austrian holdings, partly owing 
to harm done by the Russians and partly owing to the 
fall of the Austrian exchange; at the end of 1916 the 
holdings in question, after the revenue from the Premier 
transaction, stood booked at 6,160,000 marks against 
4,150,000 marks in 1915 and 10,150,000 marks in 1914. 

The German companies had interests in Roumania, 
which, of course, suffered with other interests from the 
destruction done to the wells and plant. The present 
possessors of the Roumanian oil fields are working hard 
to increase the production, which is much needed by 
the Central Powers A considerable proportion of the 


normal peace output has been reached from some of 
the old concerns, the Astra Company, the Steana Com- 
pany and the Concordia Company, all of which are being 
worked under their own management. The Roumanian 
Consolidated Oilfields Company, an English concern, 
is being worked under German or Austrian management, 
as is also the Romana-Americana Company. As doubt 


5 
prevails as to the continued yield of the old concerns, i 
it was deemed expedient to make trial of new districts i 
—in the first instance the oilfields belonging to the 4 
Roumanian State, which were at one time on the point 2 i 
of being transferred to the Standard Oil Company, and i 


which for other reasons in the meantime had been left i 
unexploited. The German military authorities have 
now taken the matter in hand, and a syndicate has been 
formed, of the capital of which two-thirds have j 
been found by the German Petroleum Company, and 4 
one-third by the German Rock Oil (Erdél) Company, i : 
which syndicate is undertaking the work on certain ; 
fixed terms. The opening out of the districts in question 
is now in progress, the two German companies each 
supplying engineers, material, etc., in proportion to ' 
their shares. The raw oil produced is delivered to the j 
military authorities and by them distributed to the dif- 

ferent refining concerns in the country, which also 

receive a good deal of raw petroleum from their own 
petroleum wells, both old ones put in order, and new 

ones recently bored. So as to facilitate the delivery 

of the petroleum to the Danube, and to relieve the 

railways from the transport in tank wagons, the new 

pipe line from Plesti to Constantza Harbor is being 

diverted so as to touch the Danube, more to the west, 

at Giurgiu. Material results are expected from the 

new line, which it is thought ought to become a per- 

manent link in the German-Roumanian petroleum traffic. 

The cost of recovering the pipe line and the pumping 

stations is stated to have been only small.—Engineering. 


The Effects of High Flying 


I HAvE found the effect of high, 7. e., rarified, air to be 
felt slightly at about 10,000 feet,increasing with the 
altitude. Breathing becomes affected, respiration shorter 
and quicker, there is a éurious oppressive sensation and a 
bulging feeling in the head until the height of about 
20,000 feet is reached. Iam told by a medical friend who 
has made rather a study of the subject that there is 
always a risk of a sudden collapse, and oxygen should be 
used whether the aviator feels fit or not. Of course, the 
effect felt varies considerably with individuals, and with 
the state of one’s health. About 18 months ago I suffered 
slightly with my heart, and found I could not get very 
high without feeling giddy, and after returning from a 
flight to 12,000 feet I had palpitation, which lasted until 
the following day. In consequence I had to abandon high 
flying until treatment got me fit again. This year I 
have made a number of high flights and have felt no ill 
effects whatsoever; in fact, I find the more one gets ac- 
customed to going up high the less the effects are felt. I 
am told that this also is the case in mountaineering. I 
can remember the unpleasantness of my first flight to 
15,000 feet. It was very marked, especially the pain 
experienced in the drum of the ears on descending. The 
fact that a flight now to 21,000 or 22,000 feet does not 
have so much effect I put down entirely to acclimatiza- 
tion. I use oxygen as a precaution when ascending 
beyond 20,000 feet, for the previously mentioned reason. 
A small bottle is carried, fitted with a special reducing i 
valve, which is fixed in the fuselage within easy reach of ie ‘ 
the hand. No special regulation is required, as it is set ae 
to pass only the necessary amount of gas into the face 
mask which acts as a mixing chamber, with its inlet and 
outer air valve. The apparatus weighs 16 pounds, and 
contains sufficient oxygen for one hour’s continuous use. 
After reaching 20,000 feet I find it is only necessary to 
use the oxygen intermittently, and accordingly I simply 
hold the mask, after turning on the gas, over the mouth 
and nose and take a few breaths of it, perhaps every half 
minute. The effect to me is remarkable; most of the 
oppressing feeling vanishes, and, excepting for the un- 
pleasant bulging feeling of the head, which you experience 
with a bad cold, the sensation is one of suddenly being 
again at ground level. The only after-effects upon land- 
ing from these high altitudes are that you seem to acquire 
a pretty good thirst, due, I suppose, to the use of oxygen. 
If the speed of climb continues to improve at the rate it 
has for the past three years, it looks as though aviators 
will become subject to what is known as “Caison Dis- 
ease,” due, I am told, to the sudden reduction in atmo- 
spheric pressure, such as divers are subjected to when 
they come to the surface from a great depth, owing to.the 
nitrogen, which has been absorbed by the system, in 
proportion to the atmospheric density, forcing itself too 
rapidly at any lower pressure from the system.—Abstract 
from a paper before the Aeronautical Society of Great 
Britain by Carr. B. C, Hucks. 
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David and Goliath scenes— Henry VII’s chapel Westminster Abbey 
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THERE were many misericords with only five folia- 
tions, and this form was produced by leaving the front 
undivided, the corners being simply cut off and foliated. 
Worcester Cathedral and Malvern had misericords of 
this kind, dating from the middle of the fourteenth 
century. The ledges at Worcester were much undercut, 
as at Ely, and there was practically no coving. At 
Lavenham, where the choir was of the fourteenth cen- 
tury, there was the same type of ledge, but there were 
distinct signs of coving, which showed that the ledge 
was tending towards a cinquefoil plan. As they pro- 
ceeded to the fifteenth century the five foliations were 
developed as before. The two corner foliations were 
enlarged at the expense of the front, and the coving 
tended to be more pronounced. This was illustrated by 
one of the misericords at Tansor. They came from 
Fotheringhay, and were probably done between 1411 and 
1415; they bore the badges of Edward Duke of York— 
feathers, fetterlock, and rose. At Higham Ferrers, not 
very far off, there were more of the cinquefoil type. 
The edge of the ledge was more enriched, and the folia- 
tions there rather deeper. At St. David’s, where the 
misericords were later in the century, it should be 
noticed how much narrower the front of the ledge had 
become, and that the foliations were more equal. 

There were a few sets which had only four or even 
three faces to the ledge. They were as a rule late, arid 
had a deep edge moulding. At Over (Cambs.), they 
were of this kind. At St. George’s Chapel the ledges 


At: St. David’s Ca.hedral 


were also quatrefoll in plan, and had deep mouldings, 
while the foliatious were shallow. On one appeared a 
representation of the legend of the owl teazed by birds. 
In Henry VII.’s Chapel the ledges were in plan not 
unlike those at Windsor, but lacked the deep moulding. 
The work was very late and much enriched. On one 
appeared the scene of the encounter between David and 
Goliath. Ledges with three faces were scarce in this 
country, but common abroad. There were examples at 
Sneinton, Worle, Swinbrook, and Halsall. The front 
was naturally wide, and was usually straight, not foli- 
ated, but the sides might be foliated or straight. At 
Sneinton the sides were foliated, and on one appeared 
a cat with two bodies—a rare composition on a miseri- 
cord. At Halsall all three faces were straight, and the 
moulding was deep; they were late. So far (Mr. Druce 
observed) he had followed out the development of the 
ledge on normal chronological lines. It was, however, 
likely that if they could ascertain the actual dates of 


the misericords shown there might be some divergence. 
It was as a rule difficult to get documentary evidence. 
Stalls were movable things, and at the Dissolution they 
found their way in different directions, so that the date 
of a choir was not necessarily a guide. Dating by infer- 
ence, too, such as the occurrence of a fire, was risky, 
and there was probably overlapping in the execution 
of the work. There were misericords which did not 
seem to correspond to his scale. At Hereford Cathedral 
the foliage of the wing subjects and moulding of the 
ledges much resembled Wells, but the sides were not 
pushed in, and the wing subjects were smaller and lower 
down. Mr. F. Bond put them at 1380, but this seemed 
somewhat late in view of the foliage. Mr. Druce had 


At St. George’s Chapel, Windsor 


no documentary evidence on the point. Winchester 
College Chapel was completed, he believed, in 1393, but 
the misericord ledges lacked the foliations that we 
should expect at that time. Was it possible that the 
stalls were in existence before? At Cockington there 
was a special reason fur making a curved ledge to what 
apparently were fifteenth century misericords. They 
had inscriptions, for which the carver required an 


_ unbroken surface. 


Passing to the decoration, Mr. Druce said that this 
usually consisted of a centerpiece which filled the space 
under the ledge, and two side or wing subjects which 
were carved on the flat of the board. The centerpiece 
was consequently in higher relief than the wings, and 
so the whole was not in the same plane, a point which 
had to be taken into account when photographing. 
The dominant idea in the decoration of a misericord 
seat was symmetry, and all through the arrangement of 
the subjects carved on them was subordinated to this 
requirement. Foliage especially lent itself to manipu- 


* From The London Architect 
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Centerpiece and wings connected, at St. Mary’s Hospital, Chichester 
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lation, and there were many beautiful compositions of 
the thirteenth and fourteenth centuries. In the fifteenth 
century foliage was conventionalized, but that made no 
difference to its symmetrical disposition, but rather 
increased it. In the case of figure subjects symmetrical §foliase : 
rendering was more difficult, but the medieval carvers Chichest 
were very clever in the way they manipulated quite grasping 
awkward details. For instance, at Ripon appeared the moulding 
scene of Samson carrying the gates of Gaza, which was & sometim: 
not so symmetrically treated, yet the effect was quiteBor 4 sir 
satisfactory. Perspective was largely made use of, ani Wino inst; 
there was a fine disregard of proportion. Where there position | 
were several elements in the scene symmetrical compo The plan 
sition was not so difficult. Thus, at Manchester, there boldly an 
was a good representation of an elephant with elaborate work, if | 
howdah in a forest, the only drawback being the some date, but 
what hard line below. A bowl-shaped form of center quent to 
piece was very common; its popularity was, he thought, and later 
due to a desire for harmony in the curves, that of the at Swink 
picture rising to blend with the curve of the ledge as was a ve 
it spread out on either side. Single figures were no probably 
doubt the most difficult to compose symmetrically. To 
get the required result they were often subjected to 
great distortion. For instance, the carver at Winches selves in 
ter Cathedral had a partiality for a symmetrical curve the board 
in his centerpieces, and to get this, in the case of 4 traceried 
sheep lying down, he had huddled it up in a very awk- the middl 
ward way; yet he had distinctly in his mind the natural Se carve 
pose. At Boston there was a fine example of symmet- tures in « 
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in the extreme. The scene was a skit in which a pail Bespecially 
of knaves were holding cats as musical instruments and Bsubjects t 
were biting their tails to make music. At Beverlel§pied the | 
Minster the centerpieces were uniformly composed !!§which ha: 
the shape of a V, which was ngly, but the dispositio Ban associ; 
of the figures was cleverly done. As to the wing sub fas human 
jects a circular composition was very popular, beité@idral. At 
induced by the prolongation of the moulding of th¢§swan and 
ledge and stem in a circular direction. This applied balanced. 
more particularly to the misericords of the thirteentlMaideq in | 
and fourteenth centuries, and might be well seen @Bostrich, 1 
Wells, where in the instance shown the moulding W#§ horseshoe 
continued as the stalk of a spray of roses, composed #§§ quently 
circular form. At Winchester Cathedral similarly th there was 
moulding was continued round to form a brancli a fox in t 
which a squirrel was seated, which, with its beautifdBconceit w 
natural rendering of nut foliage formed a charmilébe so. A 
composition. On the later misericords the wing subjects | 
jects were usually smaller in proportion to the centet@ life. 
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piece, and lower down, so that the stalk was corre- 
spondingly longer. They are, as it were, suspended. 
At Throwley the stem had a double bend, and was 
directly connected with the tail of lion or dragon. 
sometimes the wing subjects were placed within loops, 
as at Manchester, Beverley Minster, Windsor, and West- 
minster—all late examples. In St. George’s Chapel an 
animal fitted by distortion into one of these loops was 
shown. The subject was sacrificed to the composition. 
There were, however, some pretty modifications of the 
loop type. On one misericord, also at St. George's 
Chapel, the loop consisted of a branch of foliage on 
which the familiar subject of the pelican with its nest 


At Over, Cambridgeshire 


psitions of 
e fifteenth ¥25 P'aced—a pleasing composition. There was another 
t made no ™ {ashion, somewhat limited, in which the centerpiece and 


ut rather™Wings were connected. This could be seen both in 
mmetrica] foliage and figure subjects at St. Mary's Hospital, 
al carvers@Chichester. For example, in a case where a man was 
ated quiteHgrasping a pair of dragons by the neck, the ledge 
eared the @ moulding was continued round to join with their tails. 
which was # sometimes the whole space on the board was utilized 
was quiteMfor » single composition of which Lavenham supplied 
se of, andHiwo instances. At Sherborne there was a single com- 
tere there Bnosition of the Last Judgment with the usual details. 
‘al compe Bthe plan of the ledges here was unusual, as they were 
iter, there boldly and simply curved, quite unlike fifteenth century 
elaborate fl work, if they were that. Mr. Druce did not know their 
the some Fiate, but Mr. Bond concluded that they were subse. 
of centet Fivent to the fire which took place in 1436. Another 
e thought, Bnd later example of a single composition might be seen 
nat of the at Swinbrook, Oxon, and at Weston-in-Gordano there 
ledge 888i yes a very quaint misericord, with a carved dragon, 
| Were DOF wobably the work of a local man. In this case the 
cally. TH enterpiece was spread over the whole board. The 
jected th nisericords at Gloucester Cathedral stood by them- 

Winches selves in the matter of design. The whole surface of 
ical CUrVeH ine board was treated as a single panel with a beautiful 
case Of @Haceried border. From the style and date of the work, 
ery awk Hine middle of the fourteenth century, Mr. Druce thought 
” natural Be carver must have been inspired by bordered minia- 

symmet Brores in early fourteenth century manuscripts. 

Dealing with the association of subjects, the lecturer 
iid that in quite a small minority of cases were all 
three subjects distinct and independent of each other. 
They could well understand that because in view of the 
heed for symmetry diverse wing subjects would be more 
dificult to bring into balance. At Lavant there were 
three quite unconnected subjects on one, the two wings 
being a froglike creature and a leaf; there did not 
seem to have been any attempt to bring them into 
harmony. At Cartmel a fish was made to pair with a 
fower, and a monogram with foliage, but they were 
brought into balance in the composition. At Ely there 
Were diverse elements, one misericord showing a 
grotesque centaur playing a fiddle opposite a sheep. At 
Beverley Minster a lion faced a camel, but they were in 
loops. On the other hand there was much repetition, 
especially in foliage subjects, but it occurred in figure 
subjects too, as at Chester, where a griffin subject occu- 
pied the center, with a hound repeated on either side. 
which had no connection with it. There might also be 
an association of two yet different kindred figures, such 
ying su>#as human heads, male and female, at Winchester Cathe- 
ar, beimg#dral. At Stratford-on-Avon appeared a pair of birds— 
g of thBswan and ostrich—as wing subjects. They were well 
s applielMbalanced. It must be admitted that the carver was 
hirteentb# aided in this instance by his lack of knowledge of the 
| seen @Bostrich, which would be unrecognizable without the 
ding W#Bhorseshoe in its beak. All three subjects were fre- 
aposed iHquently associated. Thus at Winchester Cathedral 
larly tM there was a pair of cocks, symmetrically treated, with 
ranch a fox in the center peeping at them. The cocks in their 
peautifu. conceit were oblivious to the danger or pretended to 
charmiM@be so. At Beverley Minster there were many triple 
fing subjects mainly connected with domestic and country 
e center® life. 
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Zirconia and Zirconia Apparatus 

Zirconia is not only highly refractory, but it also 
resists the action of acids and alkalis, is a bad con- 
ductor of heat, and having, like quartz, a very low 
expansion coefficient, is able to bear abrupt tempera- 
ture changes, Apparatus made of zirconia incline to 
cracking, unfortunately. To a certain extent this ten- 
dency can be met by suitable additions to the zirconia ; 
but most mixtures are more fusible than zirconia. 
According to E. Podszus, the zirconia should first be 
melted and ground to an exceedingly fine powder with 
the aid of the mills to which we drew attention in a 
paragraph on “Keramic Objects” (2ngineering, Septem- 
ber 7, page 249). A paste is then made of the zirconia 
with water and some organic binding agent; when com- 
pression can be applied, no binding agent is needed. The 
moulded articles are burnt at 2,300 deg. C. or higher 
temperature; if the temperature cannot well be raised 
above 2,100 deg. C., some phosphoric acid or boric acid 
may be added to the paste; these additions would be 
expelled again at 2,100 deg. C. The great difficulty is 
to melt the zirconia. For this purpose Podszus 
(Zeitschrift fiir Angewandte Chemie, 1917, pages 17 
to 19) embeds the carbons of a vertical are in the 
zirconia. A little zirconia turns into carbide, which 
covers the lower electrode; this carbide conducts the 
current, and a small cavity is formed round the elec- 
trodes. The carbons may then be pulled further apart; 


At Lavenham 


the are burus quietly, and the zirconia melts on the 
walls of the cavity. With an arc of 50 amperes to 100 
amperes at 220 volts, finally 30 cm. in length, Podszus 
claims to fuse several kilograms of zirconia in half an 
hour; as he refers to French patents, however, the 
information is perhaps not so complete as it might be. 
The are really burns first between the upper carbon 
and the liquid zirconia, although the latter is practi- 
cally an insulator. Thoria is melted in a similar way. 
With the aid of a Lummer-Kurlbaum pyrometer the 
melting point of zirconia was, in three determinations, 
found to be 2,950 deg. and 3,000 deg. C. The oxide 
was not reduced by hydrogen at 2,200 deg. C., and 
rods of zirconia wound with tungsten wire and heated 
to the highest temperature in a high vacuum did not 
show any loss by volatilization. The pure zirconia is 
almost white, though generally yellowish with traces 
of iron, and also discolored by long heating; it is almost 
as hard as corundum, and difficult to disintegrate; 
when hard steel balls are used in mills, some iron is 
taken up, which can be extracted again by hydrochloric 


At Halsall, Lancashire 


acid, however. Moulded zirconia articles should be 
burnt at 2,300 deg. or 2.400 deg. C., as mentioned. 
The burning is effected in a furnace provided with 
zirconia walls and a rotating flame fed with a blast of 
air or oxygen. Coal gas and oxygen easily give 2,400 
deg. and 2,500 deg. C. in this furnace; with the aid of 
petroleum and oxygen a temperature of 3,000 deg. C. 
might be attained. Podszus has used such a furnace 
for 200 hours without essential repairs. Crucibles of 
pure zirconia will resist even fusing caustic alkalis 


for some time; the shrinkage of the. burnt articles 
may amount to 20 per cent., however. Whether or not 
prolonged heating deads or a partial reduction of the 
zirconia oxide to a black suboxide, as Ruff suggested, 
remains uncertain. We might mention another paper 
by Podszus on “Reaction Velocity and Grain Size” 
(Zeitschrift fiir Physikalische Chemie, 92, pages 227 
to 237, 1917) on this occasion. He finds that burnt 
zirconia, thoria and alumina, which are considered 
insoluble in hydrochloric acid, become distinctly soluble 
when they are most finely disintegrated and heated to 
about 60 deg. C. with efficient stirring; after 40 hours 
1.7 per cent. of zirconia, 1.5 per cent. of thoria and 5 
per cent. of alumina were dissolved.—Engineering. 


At Sneinton, Notts 


Some Food Fishes 


Tue Aquarium recently lost a specimen of the red 
snapper (Neomaenis aya) that had lived in one of the 
tanks for two and a half years. The red snapper is the 
most important tropical fish that comes to our markets, 
and the most valuable food-fish of its genus, reaching 
a length of two and a half feet and a weight of 20 pounds. 

About one thousand whales are taken yearly at shore 
whaling stations along the coasts of North America. 
There is no reason why the meat of the whale should not 
be utilized. It has always been saved for food at 
Japanese whaling stations. The creatica of refrigerating 
plants at such stations is entirely practicable and hun- 
dreds of tons of wholesome meat hitherto converted into 
fertilizer should undoubtedly be made available as food 
for a country now suffering from a general meat shortage. 

Porpoises, which are merely small whales, have long 
been used for food. The species known as blackfish is 
used in the Faroe Islands where porpoises have always 
been taken in large numbers. The white whale has 
always been used for food in arctic regions especially in 
Hudson Bay and Greenland waters. 

Five years ago the porpoise fishery at Hatteras, North 
Carolina, supplied to a New York firm several hundred 
pounds of porpoise meat, which was mixed with five per 
cent of pork and made into sausage. It was sold through 
the regular channels as a first class sausage, and consumers 
were unaware that it was made of porpoise meat.—C, H. 
TownrENp in the Bulletin of the N. Y. Zoological Society. 


Saccharin as a Sugar Substitute 


Tue only interpretations of the very general use now- 
adays of saccharin is that a large section of the public 
value sugar merely for its sweetness and not for its food 
value or for its high calorific position. If the inherent 
property of sugar did not happen to be sweetness the 
employment of saccharin in its stead would be meaning- 
less. This is an important point, because if a large 
proportion of the public seeks only a sweetener in using 
sugar in their beverages, then their demand can readily 
be satisfied by a sweetener substitute such as saccharin. 
In that case a considerable amount of sugar will be saved 
for those who use it for its real food purposes, and par- 
ticularly for young growing people, to whom its energy 
value is of considerable importance. Sugar cannot be 
replaced by saccharin in the preservation of milk or in the 
preparation of jam, and the use of saccharin in beverages 
like tea and coffee will afford an important saving of sugar 
for such purposes. It remains to consider whether the 
use of saccharin for sweetening purposes is likely to dis- 
turb the health of the consumer. The evidence that 
saccharin did not appear to produce any harm in the 
organism was summed up in these columns last September 
and there is still no ground for thinking that it is in any 
way harmful, while its sweetening power is so great that 
only minute quantities suffice to satisfy the palate. It 
should be remembered that the use of saccharin has been 
prohibited in those cases where, by replacing sugar, the 
consumer would lose the food value contributed by that 
substance. It is not allowed, for instance, to be used in 
beer or in preserved foods. Saccharin has no food value 
whatever.—The Lancet. 
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Developments in Alternating-Current Work—II 


The Technical Story of the Frequencies 


By B. G. Lamme 
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Let us see now what an increase of 25 per cent. in 
the peripheral speeds actually meant. As regards the 
commutator, the number of bars could be increased 25 
per cent., that is, from 36 to 45 per pole, which was 
comparable with ordinary d-c. generator practice. In 
the second place, an increase of 25 per cent. in the 
peripheral speed of the armature core meant a 15-inch 
(38.1 em.) pole pitch, where 12 inches (30.8 cm.) was 
used before. Assuming, as before, a 6-inch (15.24 cm.) 
interpolar space, then the pole face itself became ° 
inches (22.8 cm.) in width instead of 6 inches (15.2 
em.), or an improvement of 50 per cent. In fact, this 
latter improvement was so great that some manufac 
turers did not consider it necessary to increase th« 
number of commutator bars, although in the Westing- 
louse machines both steps were made. 

The above improvements so modified the 60-cycle 
converter that it began to approach the 23-cycle machine 
in its general characteristics. It was still quite expen- 
sive compared with the 25-cycle, due to the large 
number of poles, and its efficiency was considerably 
lower than its 25-cycle competitor, on account of high 
iron and windage losses. However, due to the need for 
such a machine it was gradually making headway, in 
spite of handicaps in cost and efficiency. 

Almost coincident with the initiation of the above 
improvements in the 60-cycle converter came another 
factor which has had much to do with the success 0° 
this type of machine. This was the advent of the turbo- 
generator for general service. As stated before, on 
of the handicaps of the 60-cycle converter was in the 
non-uniform rotation of the engine type generators 
which were common in the period from 1897 to abou 
1903 or 1904. But, about this latter date, the turbo- 
generator was making considerable inroads on the 
engine-type field and within a relatively short period 
it so superseded the former type of unit that it was 
recognized as the coming standard for large alternating 
power service. With the turbo-generator came uniform 
rotation, and this at once removed one of the operating 
difficulties of the 60-cycle converters. However, in the 
early days of the turbo-generator, 25 cycles still was i: 
the lead and many of the earlier generators were made 
for this frequency, especially in the larger units. But 
it was not long before it was recognized that 60 cycles 
presented considerable advantage in turbo-generator 
design due to the higher permissible speeds. In the 
earlier days of turbo-generator work, this was not 
recognized to any extent, as the speeds of all units were 
so low that the effect of any speed limitations was not 
yet encountered. For instance, a 1,500-kw., 60-cycle 
turbo-generator would be made with six poles for 1,200 
revolutions, while a corresponding 25-cycle unit would 
be made with two poles for 1,500 revolutions. This 
slightly higher speed at 25 cycles about counterbalanced 
the difficulties of the two-pole construction compared 


with the six-pole. However, before long, more experi- © 


ence enabled the six-pole, 60-cycle machine to be 
replaced at 1,800 revolutions, and a little later by two 
poles at 3,600 revolutions. This, of course, turned the 
scales very much in the other direction. In larger 
units, however, the advantage still appeared to be in 
favor of 25 cycles, but in the course of development 
1,500 revolutions was adopted quite generally for 25 
cycle work, and this was the limiting speed, as such 
machines had only two poles, or the smallest number 
possible with ordinary constructions. On the other 
hand, for 60 cycles, 1,800 revolutions was adopted quite 
generally for units up to almost the extreme capacities 
that had been considered, consequently the construc- 
tional conditions in the large machines swung in favor 
of 60 cycles. Therefore, with the coming of the steam 
turbine and the development of high-speed turbo-gener- 
ator units, the tendency has been strongly toward 60 
cycles, This, with the greater perfection of the 60-cycle 
converter, had much to do with directing the practice 
away from the 25 cycles. 

However, there were other conditions which tended 
strongly toward 60 cycles. In the early development of 
the induction motor, the 25-cycle machines were con- 


*Presented at the Section Meeting of the American Insti- 
tute of Electrical Engineers, Washington, Jan. 18, and 
republished by permission from the Proceedings of the institvte. 

It should be distinctly understood that this paper covers only 
the story of Amer'can development. 


siderably better than the 60-cycle and possibly little or 
no more expensive. However, as refinements in design 
and practice came in, certain important advantages of 
the 60-cycle began to crop out. For instance, with 25 
cycles there is but little choice in speed, for small and 
moderate size motors. At. this frequency a four-pole 
motor has a synchronous speed of only 750. The only 
higher speed permissible is 1,500 revolutions with two 
poles, and it so happens that in induction motors the 
two-pole construction is not materially cheaper than 
the four-pole, consequently the principal advantage i: 
going to 1,500 revolutions was only in getting a higher 
speed where such was necessary for other reasons 
than first cost. However, in 60 cycles the case is quite 
different, where a four-pole machine can have a speed 
of 1,800 revolutions, synchronous, a six-pole 1,200, an 
eight-pole 900 and a ten-pole 720 revolutions. In other 
words, there are four suitable speed combinations where 
a 25-cycle motor had only one. Moreover, with the 
advance in design it developed that these higher speed 
(0-cycle motors could be made with nearly as good 
periormances as with the 25-cycle motors of sam: 
capacity, and at somewhat less cost. However, leaving 
out the question of cost, the wider choice of speeds 
alone would be enough to give the 60-cycle motor a pro- 
nounced preference for general service. 

However, there is one exception to the above. Where 
very low-speed motors are required, such as 100 revo- 
lutions per minute, the 60-cycle induction motor is at 
a considerable disadvantage compared with 25 cycles, 
or this has been the case in the past. It is partly for 
this reason that the steel mill industry, through its 
electrical engineers, adopted 25 cycles as standard some 
ten or fifteen years ago. At that time it was consid 
ered that in mill work, in general, there would be need 
for very low-speed motors in very many cases. How- 
ever, due to first cost, as well as other things, there has 
been a tendency toward much higher speeds in steel 
mill work, through the use of gears and otherwise, so 
that part of this argument has been lost. However, 
there still remain certain classes of work where direct 
connected very low-speed induction motors are desirable 
and were 25 cycles would appear to have a distin: 
advantage. 

In view of the above considerations, steel mill work 
has heretofore gone very largely toward 25 cycles, par- 
ticularly where the mills installed their own power 
plants. However, in recent years there has been a 
pronounced tendency toward purchase of power, by steel 
mills, from central stations, and the previously 
described tendency of central stations toward 60 cycles 
has forced the situation somewhat in the steel mills, 
particularly in those cases where the central power 
supply company can furnish power at more reasonable 
rates than the steel mill can produce in its own plant. 
This, therefore, has meant a tendency toward 60 cycles 
in steel mill work, even with the handicap of inferior 
low-speed induction motors. But, on the other hand, 
remedies have been brought forward even for this con- 
dition. The great difficulty in the construction of low 
speed, 60-cycle induction motors is in the very large 
size and cost if constructed for normal power factor 
or the very low power factor and poor performance if 
constructed of dimensions and costs comparable with 25 
cycles. In the latter case the extra cost is not entirely 
eliminated because a low power factor of the primary 
input implies additional generating capacity, or some 
means for correcting power factor on the primary sys- 
tem. However, in some cases it is entirely practicable 
to correct the power factor in the motors themselves by 
the use of so-called “phase advancers” of either the 
Leblanc or the Kapp type. Such phase advancers are 
machines connected in the secondary circuits of induc 
tion motors and so arranged as to furnish the necessary 
magnetizing current to the rotor or secondary instead 
of to the primary. In this way the primary current t 
the motor will represent largely energy and the power 
factors can be made equal to, or even much better than 
in, the corresponding 25-cycle motor; or, in some cases, 
the conditions may be carried even further so that the 
motor is purposely designed with a relatively poor 
power factor, in order to further reduce the size and 
cost, and the phase advancers are made correspondingly 
larger. In those cases where the cost of the phase 


advancer is relatively small compared with the maj 
motor, there may be a considerable saving in the co 
of the main motor and then adding part of the savin 
to the cost of the phase advancer. 

One difficulty in the use of phase advancers is foun 
in the variable speeds required in some kinds of m 
work. In those cases where flywheels driven by th 
main motors are desirable to take up violent fluct 
tions in load, it is necessary to have considerable var 
tions in the speed of the induction motor, in order 
bring the stored energy of ‘the flywheel into play 
Unfortunately this variable speed in the induction moto 
is one of the most difficult conditions to take care ¢ 
with a phase advancer, so that here is a conditic 
where the 60-cycle motor is at a decided disadvantag 

Thus-it may be seen from the above that even in th 
steel mill field, where the induction motor } 
the most extreme applications, there is quite a strong 
tendency toward 60 cycles, due to the purchase of powe 
from central supply systems. 

There remains one more important element which h 
had something to do with the tendency toward 60 cycles 
namely, the transmission problem. In the earlier day 
of transmission of alternating current, 25 cycles w 
considered very superior to 60 cycles, due to the bette 
inherent voltage regulation conditions. At one time i 
was thought that 60 cycles had a very limited field fo 
transmission work. However, a number of power com 
panies in the far west had installed 60-cycle plants 
principally for local service, and with the growth 
these plants came the necessity for increased distan 
of transmission through development of water powers 
At first it was thought they were badly handicapped by 
the frequency, but gradually the apparent disadvantages 
of their systems were overcome and the distances o 
transmission were extended until it became apparent 
that they could accomplish practically the same results 
as with 25 cycles. Part of this result has been obtaine 
by the use of regulating synchronous condensers. It is 
a curious fact that the possibility of synchronous motors 
used as condensers for correction of disturbances oii 
transmission systems has been known for about 2i 
years, but it is only within quite recent years that they 
have come into general use as a solution of the trans 
mission problem, and largely in connection with 60-cycle 
plants. In 1893 the writer applied for a patent on the 
use of synchronous motors as condensers for controlling 
the voltage at any point on a transmission system by 
means of leading or lagging currents in the condenser 
itself. A broad patent was obtained, but there was n0 
particular use made of it until it had practically 
expired. 

Another improvement came along which still further 
helped to advance 60 cycles to its present position, 
namely, the use of commutating poles in synchronous 
converters. The principal value of commutating poles 
in the 60-cycle converters has not been so much in an 
improvement in commutation over the older types of 
machines, as in allowing a very considerable reduction 
in the number of poles with corresponding increase in 
speed, resulting in reduction in dimensions. As a direct 
result of this increase in speed the efficiencies of the 
converters have been increased. If, for instance, the 
speed of a given 60-cycle converter can be doubled by 
cutting its number of poles to one-half, while keeping 
the same pole pitch and the same limiting peripheral 
speed, then obviously the amount of iron in the arma 
ture core is practically halved and, at the same mag 
netic densities the iron loss is also practically halved. 
Also with the same peripheral speed and half diameter 
of armature the windage losses can be decreased materi- 
ally. Thus the two principal losses in the older cor 
verters have been very much reduced. There have als¢ 
been reductions in the total watts for field excitation, 
and in other parts, so that, as a whole, the efficiency for 
a given capacity 60-cycle converter has been brought up 
quite close to that of the corresponding 25-cycle 
machine, even when the latter is equipped with commu 
tating poles. This gain of the higher frequency con 
pared with the lower is due to the fact that the lower 
frequency machine was much more handicapped in its 
possibilities of speed increase, and furthermore, the 
iron losses and windage represented a much smallef 
proportion of the total losses in the low-frequenc! 
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machine. This improvement in the efficiency of the 
60-cycle converter together with the lower losses in 
the 60-cycle transformer as compared with the 25-cycle, 
has brought the 60-cycle equipment almost up to the 
25-cycle, so that the difference at present is not ef 
controlling importance. This development has given 
further impetus toward the acceptance of 60 cycles as 
a general system. 

Formerly a serious competitor with the 60-cycle con- 
verter was the 60-cycle motor-generator. This was 
installed in many cases because it was considered more 
reliable and more flexible in operation than the syn- 
chronous converter. Both of these claims were true 
to a certain extent. However, with improvements in 
the synchronous converter the difference in reliabilit) 
practically disappeared, but there remained the differ- 
ence in flexibility. In the motor-generator set, the d-~ 
voltage could be varied over quite a wide range, while 
in the older 60-cycle rotaries the d-c. voltage held ¢ 
rigid relation to the alternating supply voltage. How- 
ever, with the development and perfection of the 
synchronous booster type of converter, flexibility in 
voltage was obtained with relatively small increase in 
cost and minor loss in economy. This has been the last 
big step in putting the 60-cycle converter at the front as 
a conversion apparatus, so that today it stands as the 
cheapest and most economical method of converting 
alternating current to direct current. Moreover, while 
the 25-eyele synchronous -converter has apparently 
reached about its upper limit in speed, there are still 
possibilities left for the 60-cycle converter. 

In line with the above it is of interest to note that 
for units of 1,000 kw. and less, the 60-cycle converter 
has nearly driven the 25-cycle out of business from the 
manufacturing standpoint. For the very large size 
converters, 25 cycles still has the call, but largely in 
connection with many of the railway and three-wire 
systems, which have been installed for many years; 
that is, the growth of this business is in connection with 
existing generating systems. However, the 60-cycle 
converter, in large capacity units, is gaining ground 
rapidly and it is of interest to note that the largest 
converters yet built, namely, 5,800 kw., are of the 60 
cycle type. 

One most interesting point may be brought out in 
connection with the above described “battle of the fre 
quencies,” namely, it was fought out in the operating 
field, and between conditions of service, and not between 
the manufacturing companies. This is a very goo! 
example of how such matters should be handled. Here 
the engineers of the manufacturing companies were 
expending their efforts to get all possible out of boti 
frequencies, and consequently development proceede 
apace. When 60-cycle frequency seemed to be over- 
shadowed by its 25-cycle competitor, the engineers took 
a lesson from the latter and proceeded to overcome the 
shortcomings of the former. It was no innate prefer- 
ence of the designing engineers that has brought the 
higher frequency to the fore; it was the recognition 
that it had greater merits as a general system, if its 
weak points could be sufficiently strengthened; and, 
therefore, the engineers turned their best efforts toward 
accomplishing this result. 

It must not be assumed, for a moment even, that 
because 60 cycles appears to be the future frequency 
in this country, that 25 cycles was a mistake. Decid- 
edly it was not. In reality it formed a most important 
step toward the present high development of the elec- 
trie industry. Many things we are now accomplishing 
with 60 cycles would possibly never have been brought 
to present perfection, if the success of the correspond- 
ing 23-cycle apparatus had not pointed the way. The 
success of the 25-cycle converter, and the high standard 
of operation attained, gave ground for belief that prac- 
tically equal results were obtainable with 60 cycles. 
Therefore, the 25-cycle frequency served a vast purpose 
in electrical development; it was a high class pace- 
maker, and it isn’t entirely outdistanced yet. 

There has been considerable speculation as to what 
two standard frequencies would have met the needs of 
the service in the best manner, and would have resulted 
in the greatest development in the end. It has been 
claimed by some that 50 and 25 cycles would have 
been better than 60 and 25. In the earlier days possibly 
the former would have been better, but as a result both 
standards might have persisted longer. In any case, 
the general advantages would have been small. In one 


class of machines, namely, frequency changers, con- 
sisting of two alternators coupled together, the 25-50 
combination would certainly have been advantageous. 

Again it has been questioned whether 30 and 60 cycles 
would not have been a better choice. This was the 
original Westinghouse choice of frequencies, but not on 
account of frequency changers. As stated before, it 


was felt that 30 cycles could do about all that 25 cycles 
could, and would give an advantage of 25 per cent. 
higher speed in motors and converters, with correspond- 
ingly higher capacities. Also for direct coupled alter- 
nators, the two-to-one ratio of frequencies would fit in 
nicely with engine speeds, in most cases. Possibly, from 
the present viewpoint, the choice of thirty cycles would 
have longer retained the double standard. 

Something further may be said regarding the 40-cycle 
system brought out by the General Electric Company. 
This contained many very good features, for the time 
it was brought out. It was then believed that if the 
€0-cycle frequency was retained, the double standard 
was necessary. The 40-cycle system was an attempt 
to eliminate this double standard. It apparently fur- 
nished a better solution than 60 cycles then promised 
for the synchronous converter problem, and was a fair 
compromise in about everything else. But it came too 
late, for the 25-cycle system was too firmly entrenched, 
and for further development the designing engineers 
preferred to expend their energies in seeing what could 
be accomplished with 60 cycles, as this seemed to pre 
sent greater possibilities than either 25 or 40, if it 
could be sufficiently perfected. Thus the 40-cycle 
system probably missed success due to being just a 
little too late. 

As to 50 cycles, it was stated that this is still in use 
to a limited extent. Most of the 50-cycle plants in this 
country are in California. Such plants were started 
during the nebulous period of the frequencies, and have 
persisted, to a certain extent, partly because certain 
60-cycle apparatus could be easily modified to meet the 
50-cycle requirements. Also, as 50 cycles is the stand- 
ard in many foreign countries to which this country 
exports equipment, the use of 50 cycles in some home 
plants has not been unduly burdensome from the manu- 
facturers’ standpoint. 

In addition to the preceding, there have been certain 
classes of electric service which have depended ‘upon 
frequency, but which have not been a determining 
factor in fixing any particular frequency. Among these 
may be considered commutating types of a-c. appa- 
ratus. The first a-c. commutating motors of any impor- 
tance, which appeared, were, of course, the 25-cycle, 
single-phase railway motors. These as a rule have 
operated from their own generating plants, or from 
other plants through frequency-converting machinery. 
One exception in the railway work may be noted in the 
use of 15 cycles on the Visalia plant in California. 
There is a pretty well defined opinion among certain 
engineers experienced in such apparatus that some low 
frequency, such as 15 cycles, would present very consid- 
erable advantages in the use of single-phase railway 
motors in very heavy service, such as on some of the 
western mountain roads. Here the problem is to get 
the largest possible motor capacity on a given locomo- 
tive, and the main advantage of the lower frequency 
would be in allowing a very materially higher capacity 
within a given space. This does not imply reduced 
weight or cost compared with the 25 cycles, but simply 
means greater motor capacity. With the modern, more 
highly developed, single-phase types of railway motors, 
it would appear that there may be very considerable 
possibilities in 15 cycles. 

Outside of the railway field, there has been more 
recently a development of various types of a-c. com- 
mutating apparatus, principally in connection with 
heavy steel mill electrificatiotm work. Such apparatus 
has been largely in the form of three-phase commutat- 
ing machines, and these have been used principally in 
connection with speed control of large induction 
motors. As these regulating machines are usually 
connected in the secondary circuits of induction motors, 
the frequency supplied is represented by the slip fre- 
quency. Consequently where the slip frequency never 
rises to a large percentage of that of the primary 
system, such commutating motors are applicable with- 
out undue difficulties. Such motors presumably are 
better adapted for 25-cycle mill equipments than for 
60-cycle, but due to the tendency, already described, for 
steel mills to go to 60 cycles on purchased power, it has 
been necessary to build these three-phase commutating 
motors for the regulation of 60-cycle main motors, in 
many cases. 

There is still another class of service which has come 
in recently, where the choice of frequency is of much 
importance, but where there is no great necessity for 
adhering to any standard, namely, in heavy ship pro- 
pulsion by electric motors. As each ship equipment is 
a complete system in itself, and as it cannot tie up with 
other systems, there is not any controlling ueed for 
maintaining any definite frequency or voltage. Except 
in similar vessels, there is little chance for duplication 
in parts, as the various equipments vary so much in 


size and capacity. In consequence it has been found 
advisable, at least up to the present time, to design each 
propulsion equipment for that frequency which best 
suits the generator and motor speeds, taking into ac- 
count the various operating conditions and limitations, 
such as the different running speeds, steaming radius, 
etc. In consequence, different manufacturers bidding 
on such equipments may specify different frequencies, 
depending upon the constructional features of their 
particular types of apparatus. At the present time with 
the relatively small amount of experience obtained 
with the electrical propulsion of ships, it looks as if it 
would be a considerable handicap to attempt to adopt 
some standard frequency for all service. Later, with 
wide experience, it may be possible to adopt some com- 
promise frequency, which will not unduly handicap any 
of the service. 
CONCLUSION 

It has been the writer’s intention to show that, as a 
rule, the choice of frequency has been a matter of most 
serious consideration, based on service conditions at 
the time. Moreover, in view of the wide range of con- 
ditions encountered, it is surprising how few frequen- 
cies have been seriously considered in this country. 
Occasion has arisen, times without number, where an 
obvious solution of a given problem would lie in modi- 
fication of the frequency to allow the use of apparatus 
and equipment already designed, but the engineers of 
the manufacturing organization have steadily held out 
against such policy, regardless of the apparent need of 
the moment. The swing of the pendulum from 60 cycles 
to 25 cycles and back has covered a period of many years 
and, therefore, cannot be considered as a fad of the 
moment, but is the result of well-defined tendencies, 
backed by the best engineering experience available. 
As a rule no manufacturer has made any particular 
frequency his “pet,” but all have worked to develop 
each system to its utmost. 


The Ship of the Desert 

NOTWITHSTANDING the wonderful performances and 
capacity of those marvels of modern mechanics, the 
steam and gasoline trucks and tractors, which have 
been so vitally essential in the war, the camel, the 
famed “Ship of the Desert” of time immemorial, has 
held its own in the campaign in Palestine, and in Egypt, 
for in the sandy deserts of those countries transporta- 
tion by wheel vehicles is uncertain and, frequently, 
practically impossible. 

In Palestine the British forces often were obliged to 
depend almost entirely upon the camel for the trans- 
portation of their supplies, although great numbers of 
other pack animals, such as donkeys and mules, were 
also employed. In this connection The Illustrated War 
News, to which we are indebted for the illustration on 
the first page, quotes from a dispatch by General Allenby 
as follows: “The chief difficulties were those of water 
and transport. * * * There were no good roads 
south ef the line Gaza-Beersheba, and no reliance could 
be, therefore, placed on the use of motor transport. 
Owing to the steep banks of many of the wadis the 
routes passable by wheeled transport were limited, and 
the going was heavy and difficult. Practically the whole 
transport available, including 30,000 pack camels, had 
to be allotted to one portion of the force to enable it to 
be supplied with food and ammunition 15 to 20 miles in 
advance of railhead.” 


Carbonization of Coal 

Wuiutst the chief aim of high-temperature carboniza- 
tion is the production of a maximum yield of gas, the aim 
of low-temperature carbonization is the production of an 
easily ignitable coke burning brightly with practically no 
smoke. In addition, from coals, cannels, shales, and 
lignite, quantities of oil may be obtained varying from 
16 gallons in the case of colliery refuse to 87 gallons in 
the case of cannel. From these, petrols, burning oils, 
Diesel oils, lubricating oils, paraffin wax, tar acids, and 
a valuable bituminous pitch, can be obtained. The gas 
is “stripped” to recover additional petrol, and this, 
together with the petrol obtained by fractionating the 
crude oils, gives a total of four to eight gallons of petrol 
per ton of coal. The gas after “stripping” is used as 
retort fuel. The above results are obtained by carbon- 
izing in iron retorts of special construction at a tempera- 
ture from 900° to 1200° F. (480° to 640° C.) and under 
a vacuum of 10 to 20 inches of mercury. The author 
and his colleagues claim to have established the fact that 
5 inches is the maximum thickness of charge for low- 
temperature processes, ‘and have on hand several large 
installations, in all of which retorts taking one ton per 
charge of four hours will be installed.—Note from Jour. 
Soc. Chem. Ind. on a paper by F. D. Marswa.t in Gas J. 
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The Museum of the American Indian in New York, soon to be opened to the public 


~The Museum of the American Indian 
A New and Noteworthy Anthropological Institution 


THE people of the American nations, as a whole, have 
but too frequently been accused of taking little interest 
in the aborigines that inhabited the vast domains of 
the Americas for untold centuries before the coming 
of the white conquerors. Beyond the passing, although 
enthusiastic, love of the schoolboy for ethnological lore 
embodied in that class of Indian literature of which the 
Fenimore Cooper stories represent the higher type, and 
the efforts of both amateur and professional anthrop- 
ologists to imbue their fellowmen with an affection for 
their special branch of study, it cannot be said that as 
a race the Americans (and this embraces all nations 
in both North, South and Central America) devote much 
interest to the forgotten tribes of the lands to which 
they have fallen heir. Nor can the interest in the 
survivors of the Indian races be said to be more than 
transitory on the part of the majority of those who 
occupy adjacent regions. Almost every year witnesses 
the passing of an unstudied tribe, leaving naught behind 
but a future puzzle to anthropological research. While 
numerous institutions are in the possession of collections 
which illustrate the various phases of Indian life and 
the arts and crafts of these people, it was not until the 
latter part of 1916 that a museum was founded which 
devotes itself exclusively to a furtherance of our 
knowledge of the original American inhabitants. 

The Museum of the American Indian, Heye Founda- 
tion, has its home in a large building in New York City 
on Broadway at 155th street, in the same square where 
the American Geographical Society, the Hispanic So- 
ciety of America, the American Numismatic Society and 
the Spanish Church have previously been erected. The 
square is also to be the future home of the American 
Academy of Arts and Letters and the American Institute 
of Arts and Letters. The building of the new Museum 
was completed in the fall of 1917, and at the present 
time the collections are being installed, allowing for the 
storage and display of its multitude of specimens. The 
most modern appliances of museum technique are being 
used for this purpose, namely, plate-glass showcases 
from which material may be viewed from all angles, 
and storage-cases which enable the student to instantly 


By Theodoor de Booy 


consult specimens from regions in which he is inter- 
ested. Facilities for the cleaning, restoring and photo- 
graphing of objects of Indian manufacture, second to 
none, contribute towards the scientific success of the 
institution. 

The Museum of the American Indian, Heye Founda- 
tion, owes its inception to the early efforts of Mr. 
George G. Heye of New York City. This enthusiastic 


Rare effigy water jar from Santo Domingo 
West Indies 


student of all archeological and ethnological objects 
belonging to the American races had, for many years, 
collected this class of material in a systematic manner. 
Finding that his specimens became too numerous for 
private display, Mr. Heye decided to loan part of his 
collection to the Museum of the University of Pennsy]- 
vania in Philadelphia, where his North American 
ethnological material was on view for over five years. 
In addition to this exhibit two floors of a New York 
building were utilized for the storage of all South 
American and West Indian archeological specimens. 
This collection was, at the time, known as the Heye 
Museum, and was visited by students from all parts 
of the world. 

Finally, when Mr. Heye became convinced that his 
collections were sufficiently large to warrant their being 
placed in an institution exclusively intended for their 
exhibition, the collections, numbering over 600,000 speci- 
mens, were turned over to a board of trustees, who 
furnished the land and the greater part of the funds 
needed for the building and the installations, and it is 
expected that certain exhibition rooms of the new mu- 
seum will be opened to the public in the spring of 1918. 

The institution will continue the work of collecting 
and preserving for future study the esthetic, utilitarian 
and ceremonial objects of the tribes of North, South 
and Central America and the West Indies. The collec- 
tions will be displayed in cases in such a way that each 
group will tell a story that will appeal to the scientist 
as well as to the general public. The main exhibition 
halls will be devoted to this class of presentation, and 
in the basement there will be a systematically developed 
and carefully arranged study collection, where large 
series of the typical forms of each culture area may 
be seen and examined at leisure. Furthermore, lec- 
tures, illustrated with stereopticon slides, are to be 
arranged by the Museum staff, in which details of the 
expeditions sent out under the auspices of this institu- 


™ tion will be given to the public, and the actual conditions 


shown under which specimens are found and aboriginal 
habitats are excavated. The publication work started 
by Mr. Heye has been continued, and several monographs 
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on ethnological and archieo- 
logical subjects have already 
appeared. The staff of the 
Museum of the American 
Indian, Heye Foundation, will 
also be available for consulta- 
tion by those interested in the 
American Indian, and aid will 
be given to those who wish to 
consult the library of the 
institution. 

It would, of course, be im- 
possible to give here more 
than a mere outline of the 
enormous collections stored in 
the new institution. Various 
experts are daily adding to 
the specimens from the fields 
which they investigate, and 
new areas are constantly being 
explored. Thus the museum 
possesses what perhaps are 
the largest collections in the 
world from certain parts of 
the northwest coast of the 
United States, with kindred 
collections from the adjacent 
tribes over the Canadian bor- 
der. Both the cliff-dweller 


culture of ‘the Central and 
South American tribes are fur- 
-|  nished by the gold objects of 
the Chiriqui area. 

Extensive explorations of 
certain regions of South Ame- 
rica were carried out by mem- 
bers of the museum staff, and 
its collections" from Colombia 
and from Ecuador are with- 
out rival. Despite the spoila- 
tion of graves by fortune-seek- 
ers in Colombia, numerous 
gold ornaments still remain to 
bear evidence of the high civ- 
ilization of the Indians of these 
parts, and of these objects the 
museum has numerous exam- 
ples. Again, the typical stone 
seats fiom Ecuador, some 
weighing as much as 300 
pounds, and the fact that these 
objects were only found in cir- 
cular house-sites prove not 
only of great interest to the 
archeologist, but present a 
perplexing problem, hard to 
solve. In Ecuador, also, are 
found the only tribe of pure 


region of the southwest and 
the Arkansas mounds have 
contributed largely towards 
making the archeological collections from these areas 
incomparably complete. Again, the museum expeditions 
have conducted large excavations in Georgia and in 
New Jersey with gratifying results. Even the confines 
of New York City itself have been investigated and 
have contributed numerous specimens to enable the 
student to gain a knowledge of the tribes which sold 
Manhattan to the Dutch explorers. Large collections 
from Tennessee, Kentucky, California, Ohio, and the 
Eskimo regions, together with smaller collections from 
practically every state in the Union, have contributed 
towards bringing the collections of this new museum 


An “Ollila” granary in front of cliff dwellings, cave 
valley, Chihuchua, Mexico 


to its present exceptional scientific and numerical 
strength. And this does not refer only to the 
archeological specimens from North America, but also 
to the ethnological collections of extant Indian tribes 
which are rich and complete. In these can be found 
illustrations of the objects used in practically every 
phase of Indian life, be it the household life or the 
ceremonies practiced by the Red Men. Noteworthy 
examples of ceremonial life, for instance, are found 
in the museum's collection of dance-masks from the 
Iroquois of upper New York State and Canada. These 
tribes have also enriched the museum with what is 
perhaps the most remarkable collection of wampum 
belts to be found. The plains Indians of the Middle 
West, the Athabascan, the Navajos, in fact, almost all 
tribes have contributed their share, and the student 
of modern Indian life need but come to this institution, 
without traveling to the ethnological ‘fields of this con- 
tinent, to pursue his investigations. 

The Central American collections of the museum 
contain numerous specimens which are not duplicated 
elsewhere. The Mexican collections of jade objects, the 
Costa Rican pottery vessels, the gold specimens from 
Chirigui and the marble jars from Honduras are but 
a few of these. Expeditions are almost constantly in 


Rare ceremonial masks of Iroquois Indians, 
upper New York State 


the field in these regions, and their periodic shipments 
add often to the scientist’s knowledge of the forgotten 
tribes that once held sway in the lands connecting 
North and South America. The cliff-dwellings in the 
cave valley of Chihuchuva (Mexico) have furnished a 


Stone ceremonial mask from a prehistoric mound 
in Kentucky 


multitude of objects enabling the archeologist to com- 
pare these with the remains from the cliff-dwellings of 
the United States soil across the border: the highly 
decorated vases from Palenque allow a study of Mayan 
glyphs of unending interest. Connecting links in the 


An aboriginal shell heap and village site at Punta 
Ostrones, Porto Rico 


Quiver of mountain lion skin, with bow and 
arrows. Nez Perces Indians 


blooded Indians at present 
living on the coast. These 
true Cayapas Indians inhabit 
the region near Rio Santiago, and form part of a 
former numerous people known for many years as the 
Yumbos. One of the expeditions sent out by the museum 
had the special object of studying this tribe, and of 
forming collections of their artifacts in order to allow 
scientists to make comparisons between the objects used 
by them and the objects found in the pre-Columbian 
deposits of these regions. Their language also formed 
the base for an exhaustive study on the part of the 
investigator in charge of this expedition. The interior 
of Ecuador furnished large series of pottery vessels, in- 
cluding a collection of mortuary jars that were found 


Effigy jar from Arkansas. Specimens of this type 
are very rare 


in the well-like tombs of the Province of Carchi. In 
one of these tombs found near Atacames, in the Prov- 
ince of Esmaraldas, was discovered a skull containing 
teeth that had been inlaid with bands of gold, and in 
another a jaw having circular gold inlays in the teeth. 
This ornamentation was done for purely ceremonial 
purposes or for ornament and is a wonderful example 
of pre-Columbian dentistry. Two large volumes and 
several monographs concerning the work in this region 
have already been published, and others are in press. 
The museum has lately been able to acquire extensive 
ethnological collections from the Guiana region, and 
thus has been enabled to show numerous specimens of 
the races found in historic times on the upper northern 
coast of South America. From here also have been 
acquired archeological collections of extreme interest. 
Bolivia, Peru and Brazil have also contributed largely 
towards making the South American collections of the 
greatest value to all in search of knowledge of 
the almost unknown archeology of these areas. 
Perhaps no greater puzzle in archmology can be found 
today than that of the race distribution in the West 
Indies. The museum has for many years sent expedi- 
tions to the West Indies with the object of forming a 
collection of Indian antiquities from this region so 
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complete that the student can have every facility in 
miking comparative studies of the remains of the 
al criginal races which inhabited the various islands of 
which the Antilles are composed. With a far-sighted 
policy it was held that work was to be carried on even 
in regions which proved unproductive of specimens. In 
other words, the gathering of data was deemed to be 
as important, if not more important, than the mere 
collecting of specimens, and it was the direct result 
of this policy which enables this museum to speak of 
the archeology of the Antilles with perhaps more 
authority than other institutions having collections from 
this area. It is generally conceded, in fact, that the 
collections of the Museum of the American Indian, Heye 
Foundation, from the West Indies are not only larger 
than those of other institutions, but exceed numerically 
the Antillean collections from all other institutions 
combined. 

A cursory perusal of some of the early histories 
treating on the West Indies will convince that the 
Antilles were fairly densely populated in the days before 
the discovery by Columbus. While several of the esti- 
mates given may be said to greatly exaggerate, of the 
actual number of inhabitants there can be no doubt, in 
view of the Indian remains found, that several of the 
larger islands, notably Jamaica, Haiti, Porto Rico and 
the eastern part of Cuba, had an Indian population 
almost as large as the population of today. It has 
always been the general impression that the West In- 
dian tribes were divided in two groups: the Carib stock 
and the Arawak stock. There is every reason to doubt 
the correctness of this theory, and until specimens have 
been obtained from every single island of the hundreds 
of islands in the Carribbean, and until these specimens 


have been carefully studied and compared, it remains 
best to leave the entire question unanswered. The 
very origin of the population of the Antilles remains a 
scientific puzzle, which has but too frequently been 
“solved” by superficial writers. In consequence, we 
find adherents of the theory that both Caribs and 
Arawaks came from South America via the island of 
Trinidad ; then, again, others claim that the Arawaks 
came from South America and the Caribs from the 
Antilles, with a possible origin further north on 
the North American continent. Again, many writers 
will have it that the Antilles were settled by Mexican 
tribes which came to the West Indies via Yucatan and 
Cuba, and finally, even the theory of the lost Atlantis 
has been used to show that the Guanches of the Canary 
Islands were related to the aborigines of the Carribbean. 
When complete collections from all the islands have 
been made there is every reason to hope that com- 
parative studies of the artifacts may allow of a solution. 
Owing to the climatic conditions found throughout the 
West Indies, and to the multitude of wood-boring 
insects, objects of prehistoric manufacture made of 
wood have had but scant likelihood of being preserved, 
and such as have been found, in consequence, rank as 
the rarest specimens from this region. The various 
expeditions sent to the eastern district of Cuba, to the 
Bahamas, to Jamaica, to Santo Domingo and to Porto 
Rico have been successful in obtaining a comparatively 
large number of objects made of cedarwood and of 
lignum-vite, those of the first-named material being 
preserved owing to the aromatic qualities of the wood 
which seemed to prevent attack by insects, and those 
of the second owing their long life to their extreme 
hardness. Of these objects the more noteworthy are 


two wooden canoe paddles, one from the Bahamas and 
one from Cuba, while a few of the typical wooden seats 
described by Columbus on his first voyage to the New 
World are proof of the great explorer’s accurate powers 
of observation. A wooden idol from Jamaica, and one 
from Santo Domingo, enable the student to form an 
idea of the religious observances of a forgotten people, 
while the carved wooden plates from Cuba astonish 
the student with the delicacy of the aboriginal carvings. 

The West Indies have always been noted for the 
presence of stone axes and chisels of wonderful finish, 
and from the island of St. Vincent alone the museum 
has over 4,000 specimens of this class. The shell heaps 
found throughout the islands, and more especially on 
Porto Rico, Santo Domingo and Jamaica, have enable 
the expeditions to secure collections of pottery vessels 
not found elsewhere. The island of Santo Domingo 
produced two human effigy water jars, probably use: 
for ceremonial purposes, of a type unknown in other 
regions. 

It will be seen from this brief description that com 
paratively few parts of America remain unrepresente:| 
in the collections of the Museum of the American 
Indian, Heye Foundation. From some regions the 
specimens are so few that they prove but an incentive 
for future work, while from others the collections are 
so large that they may be said to be complete. Since 
the foundation of the museum members of the board of 
trustees, and others who are interested in the institu 
tion, have donated several valuable collections. Thus 
from a private undertaking, superintended and financed 
by an individual, it has become a great public benefac 
tion which will help to further a better understanding 
of the primitive tribes. of the two Americas. 


The Peopling of the American Plains by the Indians’ 


A Probable Interpretation of Known Facts 


Tne dominant characteristic of the culture of the 
tribes of Indians found by the white man in the great 
American plains was the use of the buffalo. Almost 
every part of the animal had its value. From the hair, 
ropes and strings were made. The hide supplied cloth- 
ing, shelter (tipis) and transportation (bags and boat 
covers), and many other things. The flesh was the chief 
source of food. Many of the implements in daily use 
were made from the bones. The chase of the buffalo 
was the chief occupation of the men. Wars were fought 
largely over buffalo hunting grounds. Religious rite 
and social ceremony centered in or were regulated by 
the periods of the buffalo hunt. The buffalo supplied 
many of the elements which characterized the culture 
of the plains. 

It is hard to conceive of a “buffalo culture” without 
the presence of the horse. Hunters on the great plains 
had need to travel great distances in search of their 
prey. Streams were so few and so swift for their primi- 
tive means of transportation that travel had to be 
largely by land. On these long journeys the Indians 
we know of rode horseback themselves, and had their 
goods curried on horse-drawn travois. When the hunt- 
ing grounds were reached the buffalo herds were sur- 
rounded and run down by the horsemen, It is true 
that tribes sometimes traveled on foot, or hunted the 
buffalo in the same way, but these were the exceptional 
cases and not the general rule. 

Now it is well known that the modern horse is not a 
native of the New World. There were no horses in 
America before the coming of the white man. The 
Spaniard frequently conquered the Indian by a horse- 
inspired fear, as he came riding on what appeared to 
them as a new and horrible monster. But every Indian- 
tamed broncho of the West since that day has been a 
descendant of those horses of the Spanish conquisatores. 

For the anthropologist, these facts raise a very inter- 
esting problem. If the plains culture depends on the 
buffalo, and the hunting of these animals depends on 
the horse, was there any plains culture before the 
white men came with their horses? If there was no 
plains culture, where and how did the ancestors of our 
plains tribes live? Did they live in this same region, 
but in a manner totally unlike the way we know of 
them? Or did they live in other regions, and come into 
the plains only when the horse did? How largely was 


*This article is an abstract of material which has been col- 
lected by the author for the preparation of an exhaustive 
scientific paper. 


F. H. Sterns, Ph. D. 


the western valley of the Mississippi occupied in pre- 
historic times by the present tribes? 

The Indian has preserved no written history of his 
migrations, but he has traditions more or less reliable. 
Do these give us an answer to our query? Nearly all 
the tribes of the plains have stories of former dwelling 
places far away. One large group tells how they once 
lived on a large body of water in the East, how they 
drifted westward to a great river, and then by accident 
were separated into two bodies, one going “down 
stream” (Arkansas) and the other “up stream” 

«(Omaha), and how after this they subdivided and 
spread out to their present abodes. Another group tells 
of coming from the northeast, and still another from 
the south. On the other hand there are tribes who 
say that when the earth was built their lands were the 
original, and the rest were built around them. These 
contradictions are not surprising, as Indian lore is full 
of them. I know of one set of Indian traditions in 
regard to their migrations between fifty and a hundred 
years ago, not one item of which is in accord with the 
known facts. Even if their traditions were reliable, 
they tell us nothing. The mere fact that this or that 
tribe came into the plains from the east does not tell 
us when the migration took place, nor does a people’s 
story that their home is the center of the world tell us 
how long they have occupied that center. In the answer 
of our question, tradition seems to yield nothing of 
value. 

Language also fails to give us definite evidence. The 
peoples of the plains did not speak the same language. 
There were five or more great linguistic stocks, differ- 
ing from each other as much as the European languages 
do from Chinese, and these stocks had members scat- 
tered far beyond the plains area. The Siouan group is 
represented on the coast of Virginia and at the mouth 
of the Mississippi. The Algonquins occur from New 
England and New Jersey to the western end of Lake 
Superior, and perhaps in California. Only the Kiowa 
have their sole representatives in the plains. Each of 
these groups is again subdivided into languages so far 
apart that only the expert can discover their relation- 
ship. The distribution of the members of the linguistic 
families suggests that some of the tribes at least are 
not living in the original homes, but whether the wan- 
derers are the peoples of the plains or those at a dis- 
tance cannot be determined. The vast differences in 
language and dialect within each stock makes it cer- 
tain that the tribes have lived apart for very great 


periods, but whether this separation took place before or 
after they entered the plains is not clear. Linguistic 
evidence proves no better than that of tradition. 

These two methods of approach taken together may 
throw a little light on the question. The tribes who 
came from the east and divided at the great river (per- 
haps the Mississippi) speak languages more closely 
related than do those of other groups, even within their 
own linguistic family. Some of these tribes can still 
make themselves understood by members of their related 
tribes. It would seem that the differentiation in lan- 
guage which took place after their separation in the 
plains was a comparatively recent occurrence, possibly 
well within the four hundred years we call the historic 
period. Thus they may have entered the plains after 
the introduction of the horse. But these tribes never 
adopted the plains culture except in an imperfect way, 
so the time of their arrival tells us little of that of the 
typical tribes. 

The physical characteristics likewise fail to help us. 
Within the plains stature varies greatly. Head forms 
differ as widely as they do anywhere on the American 
continent. We can say from this variation that several 
different races enter into the composition of these 
peoples. The same races exist also outside the plains. 
But whether they originated in the plains and some 
of their members migrated from the plains, or whether 
they came from different directions, or at different 
times, into that area, er when they came, of these things 
physical anthropology as yet tells us nothing. 

Certain elements of their material culture suggest a 
southern or southwestern origin for these peoples. They 
were agricultural peoples. They raised corn, beans, 
squashes and tobacco. At least this is true of the east- 
ern members of the plains group, including the Hidatsa, 
Mandan, Arikara, Omaha, Pawnee, Oto, Wichita, and 
others. The western tribes know nothing of agricul- 
ture, but many of them have traditions of having 
formerly cultivated the soil, and there is some archeo- 
logical evidence to support this claim. Now agriculture 
in general, and corn, beans, squashes, and tobacco in 
particular are things which must have come from old 
Mexico either through direct migrations of tribes or by 
trade from one tribe to another. 

Other arts likewise suggest the southern region. 

—Pottery-making must have originated there, and yet it 
occurs among many of the tribes of the eastern plains, 
and traditionally among seyeral of the tribes in the 
western plains. 


It 
thes 
and 
Som 
Othe 
plail 
they 

On 
have 
nort 
tribe 
of tl 
dow 
to tl 
of i 
Arel 
Now 
only 
arri 
entl 
buff. 

Sc 
like 
tot 
and 
Paw 
ern 
mor 


plae 
hist 
and 
cent 
simi 
cam 
The 
tribe 
tribe 
rem 
Wit! 
eal | 
to b 
arri 
sude 

Ww 
denc 
preh 
villa 
exal 
of 
larg 
plail 
the | 


t 
It 
take 
sion 
of 1 
the 
In 
< plac 
ture 
fact: 
plait 
and 
occu 
spar 
who 
by be s 
east 
sites 
sent 
of t 
Dr. 
man 
amo 
Rive 
by | 
hist 
noul 
whi 
feat 
inite 
thin 
thou 
east 
leve 
any 
plac 
- teris 
B 


3, 1918 


April 13, 1918 


SCIENTIFIC AMERICAN SUPPLEMENT No. 2206 


235 


nas and 
en seats 
he New 
powers 
and one 
orm an 
people, 
istonish 
arvings. 
for the 
finish, 
museum 
heaps 
ally on 
enable! 
vessels 
mings 
ly usec! 
n other 


at com 
esente:! 
nerica! 
ns the 
centive 
ms are 

Since 
of 
institu 

Thus 
nanced 
enefac 
anding 


fore or 
guistic 


r may 
s who 
(per- 
closely 
1 their 
n still 
elated 
n Jan- 
in the 
»ssibly 
istoric 
after 
never 
way, 
of the 


Ip us. 
forms 
erican 
pveral 

these 
lains. 

some 
ether 
ferent 
hings 


rest a 
They 
eans, 
east- 
latsa, 
, and 
ricul- 
aving 
chzeo- 
ilture 
co in 
n old 
or by 


gion. 
yet it 
lains, 
1 the 


It is to be noted, however, that the tribes possessing 
these arts are the least typical of the plains tribes, 
and the least dependent on the buffalo and the horse. 
Some of them are known to have been very recent 
arrivals in the plains, having come from the east. 
Others, on the contrary, have been a long time in the 
plains and probably came from the south, from whence 
they derived their arts. 

Other elements of the material culture in the plains 
have a decided appearance of having come from the 
northwest. For example, the earth lodge used by many 
tribes has its main distribution from the headwaters 
of the Missouri up to Bering Straits, and across in Asia 
down to the Island of Yezo, in Japan. Its resemblance 
to the snow house of the Eskimo and other peculiarities 
of its construction suggests for it a northern home. 
Archreologically its relationship is even more evident. 
Now, strange to say, these northern features are present 
only among the eastern tribes, some of whom are recent 
arrivals in the plains of the east, with the others appar- 
ently from the south. The most typical horse-using 
buffalo hunters know nothing of these lodges. 

Social organization and religious custom make for a 
like confusion. Certain elements of the religions are 
decidedly Mexican. An example is the human sacrifice 
to the Morning Star, with its ceremonial cannibalism 
and certain agricultural rites, as practiced by the 
Pawnees. Other ceremonies have as distinctly an east- 
ern tang. Again, the eastern and southern features are 
more pronounced among the less typical tribes. 

It might be well to inquire now how long it would 
take a tribe to acquire an entirely new culture when 
placed in a new kind of environment. We have several 
historical examples which may help us. The Omahas 
and Otoes drifted into Nebraska within the last two 
centuries. Their culture within that time became very 
similar to the Pawnee earth-lodge type. The Sioux 
came into the plains after their discovery by the whites. 
The same is true of the+Crees and Ojibwas. These 
tribes became among the most typical buffalo-hunting 
tribes. The Kickapoos and Pottawatomies were 
removed to the plains by the United States government. 
Within two generations their culture was almost identi- 
cal with their neighbors. These facts make it possible 
to believe either that the tribes in the plains are recent 
arrivals since the advent of the horse, or that they 
suddenly changed their culture at that time. 

We are now ready to examine the archeological evi- 
dence. The first fact we notice is that sites of clearly 
prehistoric character are largely absent. A number of 
villages and graves have been excavated, but a close 
examination of the evidence almost always shows traces 
of the white man. The few prehistoric finds have been 
largely in the eastern and least typical part of the 
plains. Personally I traveled 15,000 miles or more in 
the plains in the interest of archeology, and my conclu- 
sions agree in the main with that found in the mass 
of literature, namely, the almost complete absence of 
the prehistoric, especially in the western plains. 

In the main, the sites in the west are merely camping 
places such as one would expect in a horse-buffalo cul- 
ture, and not the remains of permanent villages. These 
facts together indicate the probability that the western 
plains were settled largely since the advent of the horse, 
and that previous. to the historically known tribes’ 
occupation, human life there in any permanent way was 
sparse or non-existent. 

The question whence these people came, and the 
whole problem of the eastern plains, still remain to 
be solved. In the Missouri River region, and along the 
eastern border of Kansas and Oklahoma, prehistoric 
sites are not entirely absent. Some of these sites pre- 
sent remarkable peculiarities. For example, the skulls 
of the so-called Nebraska man found near Omaha by 
Dr. R. H. Gilder, and of the much discussed Lansing 
man in Kansas, seem to have their nearest parallel 
among living tribes at the headwaters of the Missouri 
River. Many skulls of similar type have been found 
by me in Nebraska. All these are undoubtedly pre- 
historic, and their suggestion of the northwest is pro- 
nounced. 

There occurs also an ancient type of earth lodge 
which is unlike that of the historical tribes in many 
features. It is rectangular instead of round; it is def- 
initely semi-subterranean instead of largely a surface 
thing. The entrances point in no particular direction, 
though the modern tribes in the plains insist on an 
east exposure. The entrance passages are long and 
level instead of short and inclined. Pits were made at 
any covenient place within, rather than in a definite 
place. In all these features the northwestern charac- 
teristics seem more pronounced than among the histor- 
ical tribes. 

But other cultural elements still point to the south. 


They were agricultural peoples, raising corn and pos- 
sibly beans. They made pottery.. This pottery shows 
sometimes a distinct resemblance to some found along 
the Red River in Arkansas, 

They used the buffalo, but not abundantly. Buffalo 
meat seems to have formed but a small part of their 
diet. Some implements were made from buffalo bones. 
There is no trace of ceremonial uses of the buffalo— 
not even in the use of buffalo bones for ceremonial 
objects. As a people they seem to have come from the 
north, adopted from some one habits peculiar to the 
south, and in some way took on a few features related 
to the buffalo and the buffalo hunt. 

In some places in Nebraska there has been found a 
still earlier culture, ten or fifteen feet lower in the 
ground. These peoples are still more southern in their 
affinities. They were agricultural and raised squashes. 
They made pottery. As far as has yet been found they 
made no use of the buffalo. 

We are now ready to trace the probable course of 
events in the history of the plains, although of course 
many problems as yet remain unsolved. The earliest 
peoples we know about were tribes having knowledge 
of agriculture and pottery, and probably coming from 
the south. They entered the plains many centuries 
before the coming of the white man. Not having any 
domesticated animal such as the horse-(probably they 
did not possess even the dog), they never migrated 
far from the river bottoms in the eastern plains, where 
the rich, fertile lands made agriculture easy; the 
streams furnished abundance of fish, and the wooded 
lowlands supplied such game as the deer and the elk. 
The great herds of bison out on the prairies to the 
west of them affected their life not at all. 

Still well within the prehistoric period there came 
invaders from the colder regions of the northwest. 
These tribes drifted down the Missouri River until they 
came in contact with their predecessors. They brought 
with them the northern earth lodge with its rectangular 
form and semi-subterranean character. They were 
probably originally a hunting people, and they learned 
something of the buffalo in their journey across the 
northern plains. But long trips out into the trackless 
prairies were beyond their powers, so they subsisted 
largely on the game of the woodlands, such as deer. 
From their predecessors, whom they exterminated, drove 
out, or absorbed, they Jearned the arts of agriculture 
and pottery-making. They then settled down to a life 
comparatively peaceful. 

That they had been nomads, and that they now feared 
no enemies, is shown by the manner their villages are 
arranged. Rather it is shown by their lack of villages. 
Desiring no close contact with their neighbors, and 
needing not the protection which comes from compact 
groups, they did not build in villages. Each house was 
made off by itself, sometimes a mile or two from any 
other. 

Later came the Caddoan peoples from the south, 
probably drifting northward in the extreme eastern 
portion of the plains. They divided on their way 
northward, the Caddo and Waco remaining in Texas, 
the Wichita in Kansas (probably further east than 
they were when the white man first found them), the 
Pawnees in Nebraska and South Dakota, and the Arika- 
ras within historic times drifting into North Dakota. 
Most of this movement was well within the period prior 
to the discovery of America by Columbus. 

These people probably possessed a round grass house, 
similar to that of the more southern members of the 
group within historic times. They were agricultural 
and knew how to manufacture and use pottery. Com- 
ing into the buffalo area, they became partially depend- 
ent on that animal, but never so much as after the 
advent of the horse. They learned the use of the earth 
lodge from their predecessors, and modified it after the 
pattern of their grass house. Thus they made round 
earth lodges, nearly all above the surface of the ground. 
The members of the group who did not go far enough 
north to find the earth lodge peoples retained their 
grass houses. Whether they exterminated or merely 
drove out the previous peoples cannot now be told. 

The next group of migrants came from the east. They 
were members of the great Siouan stock. First came 
the Mandan and Hidates, probably within prehistoric 
times. A second band consisted of the Omaha, Ponca, 
Osage, Kansa, and Quapaw. The third band comprised 
the Oto, Iowa, and Missouri. The second band came 
into the plains about the beginning of the historic period 
and the third band came a little later. 

These tribes probably brought with them the tipi. 
Unable longer to get bark to cover it, they now used 
buffalo hides, as was typical later in the plains. The 
taught the Caddoan tribes the use of the tipi, and in 
turn learned from them the use of the earth lodge 


(facts which are verified by the traditions of the various 
tribes). Thus, both groups retained certain elements 
of their own culture, and acquired certain elements 
from their neighbors. 

By now the horse had arrived in the plains. Both 
the Siouan tribes and the Caddoans learned its use, and 
commenced to push out into the western plains on semi- 
annual buffalo hunts, but without making a permanent 
home there. 

Meanwhile the white man had landed on the Atlantic 
coast, dislodging tribes, who in turn dislodged their 
next neighbors, and so on in ever-widening circles. 
These white men also furnished the nearest Indians 
with firearms, which gave them an immense advantage 
over their rivals. With this constant pressure on their 
rear, there came into the plains from the east various 
members of the Algonquin stock, such as the Arapaho, 
Cheyenne, and Blackfoot, and additional members of 
the Siouan stock, such as the Dakota. Not being power- 
ful enough to displace the peoples already in the eastern 
plains, the new arrivals pressed on beyond them into 
the open prairies. There they took up the one method 
of life possible for them—the nomadic buffalo-hunting. 
horse-using culture. They thus became the typical 
western plains tribes. 

It is realized that the above argument is weak in 
many places. However, it seems to account for all the 
known facts, which gives the theory a merit which no 
other theory in the same field possesses, so I feel justi- 
fied in saying that the above is the most probable 
interpretation of the known facts. 


Audibility of Sound 

AN interesting example of the audibility of the sound 
of a distant fog-horn has been communicated to us by 
Mr. W. T. Evans, of Treharris, Glam. On January 
14th, from about 6 to 7 A. M., he heard series of four 
consecutive blasts, each followed by an interval of 
silence—the distinctive note of the siren at Nash Light- 
house, on the southern coast of Glamorganshire. Tre- 
harris is about twenty miles inland, and is separated 
from the coast by several ranges of hills. Though all 
the blasts were distinctly audible, they varied in strength, 
some being as loud and clear as when heard at other times 
from a distance of four miles. The fog-horn at Nash, 
according to a statement by the lighthouse-keeper, was 
sounding on account of a snow shower from 6:15 to 7 
on the morning in question. A thick mantle of snow 
lay over the ground at the time, and the air was ab- 
solutely calm. The conditions were thus favorable for 
-the transmission of the sound to so great a distance. 
—Nature. 


Influence of the Age of the Trees on the Quality 
of the Rubber 

UNpDER similar conditions as regards the rubber con- 
tent of the latex and the method of coagulation and 
preparation, the tensile strength of rubber from older 
trees is not appreciably greater than for that from young 
trees, and the t:>e of the stress-strain curve is ap- 
proximately the s. me, but the rate of vulcanization de- 
creases with age while the viscosity increases. The com- 
mon belief that rubber from young plantations is of 
inferior quality is probably due in part to the poorer 
equipment of such plantations and the lower rubber 
content of the latex. In the case of the wild Brazilian 
rubber, the lower rate of vulcanization due to the age 
of the trees is masked by the method of preparation, and 
plantation rubber prepared by an imitation of the 
Brazilian method is found to vulcanize more rapidly than 
erépe prepared from the latex in the ordinary manner.-— 
Note in Jour. Soc. Chem. Ind. on a communication by 
O. de Vues in Archief voor Rubber Cultuur in Ned. 


Lubrication of Wire Rope 


THE constant motion of a wire rope involves heavy 
strains and internal friction, and requires that the wear 
should be equally distributed. Intelligent lubrication 
will greatly prolong the working life of a wire rope, says 
the Jronmonger. The initial lubrication used to lay up 
the hemp core around which the strands of the rope are 
wound is an important factor, as it should not only retard 
the effects of friction but also act as a preservative by 
minimizing internal corrosion. When a rope is properly 
lubricated from the inside less external lubrication is 
necessary, and the same lubricant should preferably be 
used in both cases to obtain uniform results. The 
necessity for careful lubrication will be realized when it is 
stated that the wearing or bearing surface of 100 feet of 
one inch diameter wire rope is about 334 square feet, 
whereas the bearing surface in a 35,000 horse-power 
reversing engine, one of the largest in the world, is 319 
square feet. 
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A Table d’Hote Tree Created by Science 

Any scheme for intensive food cultivation in these 
days of world-wide food scarcity is naturally of the 
greatest public interest. 

To illustrate, if it were possible to grow in our 
garden a tree that would be so exceedingly versatile in 
its products that we might go out and pick from it all 
the fruits, flowers and every possible vegetable needed 
for our dinner, what a convenient and comfortable 
thing it would be and what a saving in production, 
space and labor. 

Most everyone has heard of the marvelous work in 
the propagation of new fruits and flowers, of Luther 
Burbank, the California fruit wizard, and how he has 
surprised the world by what he has done in this direc- 
tion; yet even he, with his wonderful skill, has never 
accomplished results along the lines above mentioned. 

On the surface at least the idea of such a tree seems 
almost like a dream, or wild fancy of a disordered imagi- 
nation, yet it is a fact that there is a plant wizard living 
at Langhorne, Pennsylvania, named H. G. Walters, who 
claims that such a tree is possible. In proof, he now 
has growing on the grounds of his interesting Plant 
Research Institute a tree almost as marvelous in its 
varied products as the imaginary one mentioned. 

Remarkable as are the professor’s claims, one thing 


is sure: he is no nature fakir, being well and favorably ~ 


known in the world of science, and the author of a 
number of widely read scientific books. By profession 
he is an instructor in philosophy, and for some time 
assisted Prof. William James of Harvard University in 
physical experimental work. 

Of late years, since the question of intensive food 
cultivation became a very live and important one, he 
has given much attention to what he calls “botanical 
philosophy,” and he has at Langhorne the most novel 
and startling experiments in the United States in plant 
propagation always in process of trying out. 

To illustrate, the writer last spring raw lilac buds. 
grafted in October, 1916, alive, healthy and in bloom 
on a peach tree in May, 1917. Also rose slips. which 
had been grafted on the tree at the same time. On 
the same tree were also grafted rhododendron. wild 
blackberry, another species of rose, and all prospering 
beautifully. It is difficult to imagine anything more 
startling or curious than the sight these utterly differ- 
ent plants, fruits and flowers, all growing on the same 
tree, presented in the illustration. 

Prof. Walters’ ultimate idea is the growth of what 
he calls a “table d’hote tree.” on the one hand, and a 
“table d’hote hedge,” on the other. 

He says that, given time and favorable conditions, 
he will positively produce a hedge, and also a tree, 
which can be grown in any back yard, and capable of 
supplying dinner berries, roses, and other sorts of 
edible fruits, such as peaches and apples: and what he 
has already to show, now growing on his place, in this 
direction certainly seems to lend strong color to this 
statement. 

His experiments with lilacs, successfully grafted on 
an ordinary privet hedge, proves that he can make 
plants which have no apparent relation whatever to 
each other, when grafted grow and bloom about where 
he wants, occupying much less space than they would 
ordinarily, and years ahead of the time of the nurseries. 

The production of such horticultural marvels is, he 
claims, solely a problem, other things being equal, of 
the generally overlooked principle of the interdependecrce 
of all plant cells, tissues and vegetable life or the vital 
principle of symbiogenesis. 

Species and genus of plants, claims Professor Wal- 
ters, came originally by evolutionary differentiation. 
But plant life. as cellular existence, of course, ante- 
dated this separation into species and genus. By 
an entirely new and original process of grafting, he has 
discovered, he claims, a means to throw cellular and 
tissue plant life back, back, back, on its creative unity, 
in other words, make trees and shrubs start all over 
again from the very beginning, the way he wants them 
to, and not the way natural selection. ages ago. de- 
creed they should go. It’s a case of Professor Walters 
instead of nature, being boss. 

The professor believes his experiments have proved 
that plants possess the instinct of hope and fear, and 


“that such deadly flowers of poison as nightshade and 


blue rockets can poison men, because the fear of these 
plants cause them to self create their own poisons in 
self-defense, as a viper or rattlesnake does. By a series 
of experiments he discovered he could make the vine 
of a potato move, and creep along, always to the south, 
if he adjusted the vine in certain deep shadows to the 
north. This fact led him to experiment with potatoes 
with the view of ascertaining their vital relation to 
luminosity, as he observed that poppies, marigolds and 


orange lilies have the power to flash forth rays of vital 
light in the dark. 

A rose graft placed on a blue cedar tree October, 
1915, has kept alive until the present, apd he believes 
that he will ultimately discover the symbiotic law 
by which roses may be made to bloom on cedar trees; 
and the Roses of Sharon to blossom on the cedars 
of Lebanon. 

Apart from his experiments in plant life, among the 
most interesting of this wizard’s discqveries is in re- 
lation to the Praying Mantis, possibly the most wonder- 
ful plant insect in the world. Professor Walters claims 
that he has fully demonstrated that this insect is capa- 
ble of expressing real psychological illusion, real mental 
delusion, and real visual hallucination, therefore that 
the Praying Mantis possessed an intellect, and a mind. 

He discovered this wonderful psychological fact by 
adjusting refractive pictures on the surfaces of glass 


Re om 


A peach tree on which are seen growing lilac, two species 
of roses, rhodedendron and blackberry grafts 


xzlobes and causing the Praying Mantis to look at the 
pictures on the surfaces of the glass. His experiments 
with the insect have led him to reject Henry Fabre’s 
theory that it is cannibalistic, although the Mantis is 
of course, the professor acknowledges, carniverous, but 
no more so than man, or a cat or a dog, who do not 
always eat each other. The Mantis is as capable, he 
claims, of intelligent training, as is the monkey, and 
he has fed the insects condensed milk from the tips 
of his fingers. 

All of Professor Walters wonderful and curiously in- 
teresting experiments have been made without any finan- 
cial profit, and although he is only in moderate circum- 
stances, he has never received one cent in money or aid 
for his work, and he has never tried to capitalize any 
feature of his remarkable experiments. 


Sensitiveness of Azides 


VaRYING definite weights, up to 0.02 grm., of different 
azides, in a micro-crystalline form, were compressed to a 
constant degree on the form of pellets. A steel cylinder 
insulated on the outside with thick asbestos was heated 
in a bath of Wood’s metal. After the temperature, which 
was measured directly at the base of the cylinder, had 
become constant, the pellet was admitted through an 
opening in the asbestos lid and the time required for 
detonation noticed. Beginning with 0.005 grm. of the 
substance, the temperature necessary to cause detona- 
tion after a given interval fell in every case with in- 
creasing quantity of material, until with from 0.01 to 0.02 
grm. a limiting value was reached above which the de- 
tonation temperature was independent of the mass of 
the material. The development of the explosion wave 
from. a comparatively slow reaction requires a definite 


interval which becomes shorter with increasing tem- 
perature and with the constant of the reaction velocity. 
Conversely, with a shorter period of heating, a higher 
temperature is necessary to initiate detonation than 
with a long period, as has been shown in the ignition of 
methane-air mixtures. With a small quantity of the 
azide, complete decomposition by slow chemical change. 
might follow at the temperature employed, whereas at a 
higher temperature or with a larger mass at the lower 
temperature the decomposition would lead to detonation. 
The fact that the limiting temperature is already reached 
with a weight of 0.01 grm. in the case of azides indicates 
a very high speed in the velocity of the decomposition 
which leads to detonation. With mercury fulminate, the 
detonation temperature did not fall so soon to a constant 
value with increasing mass, idicating that in this case the 
initial decomposition takes place more slowly and is ac- 
companied by a larger loss through slow chemical change 
With azides and fulminates of the different metals, the 
following values, arranged in order of sensitiveness, were 
obtained as the temperatures (°C.) at which 0.02 grm. of 
the substance detonated after an interval of 5 seconds. 
Azides: cobalt, 148°; barium, 152°; calcium, 158°; 
strontium, 169°; copper, 174°; nickel, 200°; manganese, 
203°; lithium, 245°; mercury, 281°; zinc, 289°; cad- 
mium, 291°; silver, 297°; lead, 327°; thallium, 320°. 
Fulminates: thallium, 120°; silver, 170°; copper, 205°; 
mercury, 215°; cadmium, 215°; sodium, 215°; potas- 
sium, 225°. The temperatures of detonation are ob- 
viously not determined by the heat of decomposition as 
this is greatest in the case of the azides of silver, cadmium, 
and lead. The azides of metals of low atomic weight 
have lower temperatures of detonation than those of 
high atomic weight, in accordance with the view that 
the heavier molecule needs a higher temperature to ac- 
quire the velocity necessary for detonation. Differences 
were also observed in the manner of decomposition, 
from lithium azide, which gave a very violent detonation, 
to the azides of sodium, potassium, and thallium, which 
exploded without developing true detonation. More 
un-formity is shown with the fulminates, which, with the 
exception of thallium, have all detonating temperatures 
in the neighborhood of 200° C. The hygroscopicity of 
the azides of metals of low atomic weight was found to 
be much higher than with those of high atomic weight. 
Sensitiveness to shock was measured by the falling 
weight method. The compound, in amounts varying 
from 0.01 to 0.05 grm., was compressed in a brass cap 
case of definite cross-section and covered with a disk of 
copper or tin, over which was placed a hardened steel 
block which received the impact of the falling weight. 
With the exception of the azides of strontium and barium, 
which only exploded with production of flame, and the 
azides of lithium, sodium, and potassium, which could 
not be made to explode at all by percussion, the com- 
pounds examined all detonated violently on receiving 
sufficient impact. A very large influence was in most 
cases found to be exerted by the thickness of the layer. 
The sensitiveness of the azides of silver, lead, and mer- 
cury increased with the thickness of the layer, that of 
cadmium was almost constant, those of copper, man- 
ganese, zinc, and thallium diminished in sensitiveness 
with increasing thickness, and those of nickel, cobalt, 
calcium, barium, and strontium increased to a maximum 
value with 0.02 grm. and then the sensitiveness dimin- 
ished. Apart from this large influence of the thickness, 
which gives a misleading high figure of insensitivneess 
in the case of thick layers of the azides of copper, nickel, 
cobalt, and barium, a general parallelism was observed 
between the sensitivencss to heat and to percussion, and 
as with the temperature of detonation, no relation was 
apparent between sensitiveness to percussion and the 
heat of decomposition. The sensitiveness to percussion 
of thin layers of the azides was found to be a measure 
also of their responsiveness to friction, which determines 
the instability of the material in filling caps and during 
compression and shaking. In this respect, as shown 
in the percussion measurements, the azides of copper, 
nickel, and cobalt are the most unstable, and those of 
silver, cadmium, zinc, and thallium much more stable. 
The sensitiveness of thin layers of copper azide is en- 
countered in copper detonator tubes. The increased 
sensitiveness of thick layers of lead and mercury azides 
accords with the property shown by large crystals of 
spontaneous detonation. The instability of mixtures of 
crystalline and liquid nitroglycerin may be due to an 
analogous effect of the influence of the thickness of the 
layers of liquid enclosed between the crystalline faces. 
Greater regularity was obtained in the measurements on 
percussion with fulminates, the sensitiveness being always 
greatest with the thinnest layers. The parallelism 
between temperature of detonation and sensitiveness to 
percussion is closer with fulminates than with azides. 
Thallium fulminate is the most easily detonated by head 
and is the most sensitive to percussion Note in Journal 
Society of the Chemical Industry on a paper by L. 
Wouter and F. Martin in Z. anger, Chem. 
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SCIENTIFIC SUPPLEMENT No. 2206 


The Dufay Versicolor Process in Color 
Photography* 

Since the appearance of plates in colors (Lumiére 
Autochromes, Dufay Dioptichromes, Omnicolored) the 
technical journals have had many articles upon this sub- 
ject so that every one knows now the principle of screens 
with juxtaposed polychrome elements upon which pho- 
tography in colors is based, a principle discovered in 
1868 by Ducos du Hauron, and explained by him in 
these words: 

“Imagine a transparent surface entirely covered with 
alternate rays of orange red, green and violet blue, 


Fig. 1. 


without solution of continuity. The three elementary 
sorts of light are sifted through this screen, and, upon 
being developed, each will make its’ impression upon 
the corresponding rays.” 

The essential thing, therefore, is to exactly juxtapose, 
without either superposition or the leaving of gaps, an 
association of lines or figures, either geometric or other- 
wise, and which are transparent and colored respec- 
tively orange red, green and violet blue; such a screen, 
or filter, must occasion the solution of the colors at 
each point of its surface, and ultimately the synthesis 
of the said colors. 

Experience demonstrates that each of the elementary 
colors must be represented perceptibly: half of the 
total surface if the screen comprises only two colors; 
one-third if it comprises three; a fourth if it comprises 
four, and each of the elements must permit the filter- 
ing of only those radiations belonging to its own spec- 
tral zone. 

The conception of a screen of this kind, theoretically 
perfect, is seductively simple, but its practical execu- 
tion comprises difficulties so great that for 40 years they 
were considered almost insurmountable. Laborious ex- 
periments along this line were undertaken, however, 
notably by Dr. Joly of Dublin, and they led, in default 
of practical results, to the demonstration of the correct- 
ness of Ducos du Hauron’s suggestion. The difficulties 
in its industrial accomplishment proceed chiefly from 
the fact that the colored elements constituting the 
screen must have so great a fineness that the analytical 


power of the eye can not be exerted, and that at the 
normal distance of distinct vision, the polychrome screen 
will appear to be of a neutral grey color very close to 
white, resulting from the optical fusion of the colored 
elements and the perfect qualitative and quantitative 
equilibrium of the fundamental colors. 

It has been calculated that to make the image selected 
by this sort of screen acceptable each square milli- 
meter must comprise a minimum of 10 elements of each 
color, or 30 juxtaposed colored lines. Even such a 
result would be quite insufficient in practice, espe- 
cially if the images were enlarged by projection, in 
which case the screen, considerably amplified, would 
suppress all ensemble effect. Whence the necessity of 
extreme fineness of the screen. 

Moreover the fineness of grain of the sensitive emul- 
sion must evidently correspond with that of the screen, 
and the thickness of the emulsified layer (or film) must 
not exceed the diameter of the colored elemerts; this 
layer must be in as absolutely close contact as possi- 
ble with the screen, otherwise parallax effects will 
be produced, and the oblique vision of the image in 
colors will become impossible. 

It is in France that the idea of the French physicist 
du Hauron has been accomplished practically. The 
magnificent solution given to this delicate problem by 
the Lumiére Brothers, inventors of the autochrome 
plate, is well known. M. Louis Dufay also solved 
this problem industrially, almost at the same time, by 
the creation of his dioptichrome plate, constituted by 
colored microscopic elements, perfectly juxtaposed in 
regular geometric figures, and colored in the same 
homogeneous and absolutely transparent layer. 
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But the autochromes, and the dioptichromes as well 
could be created only upon glass, and could not be 
utilized except to produce single proofs; they also 
necessitate a length of time of exposure which precludes 
all possibility of the “snap shot.” 

Coutaining his researches for the past ten years, M. 
Dufay has invented a process of manufacturing colored 
screens on flexible films which is destined to open to 
color photography important developments of the high- 
est interest and to popularize its use. 

The process of manufacture is as follows: A thin 
sheet of transparent celluloid is passed between the 
two rollers A A’ (Fig. 1), raised to a suitable tempera- 
ture. If one of these rollers is engraved with ex- 
tremely fine parallel lines or grooves (Fig. 2) the sheet 
of celluloid, softened by the heat of the rollers, will 
take automatically and exactly the imprint of the lines 
engraved upon the roller (Fig. 2). It will embrace 
the slightest details, no matter how great the degree of 
fineness, 

When the sheet of celluloid issues from the cylinder 
it will present in section the appearance shown in Fig. 
3. The sheet of celluloid thus transformed is now cov- 
ered on the grooved side with a greasy red substance 
by means of the distributing rollers of a suitable ma- 
chine. This substance R (Fig. 4) is perfectly trans- 
parent. The side thus inked is immediately thereafter 
properly wiped, as in the case of an engraved copper 
plate. This wiping will eliminate the excess of grease, 
leaving bare all the reliefs b, but will not remove the 
grease which has entered the grooves c (Fig. 4); the 


Fig. 3. 


surface treated will then present the section shown 
in Fig. 5, i.e., the portions b will be left bare, and the 
grooves c will be rendered impermeable, colored red by 
the grease, and brought up to the general level by 
the latter. 

If we now pour over the celluloid sheet thus treated 
an alcoholic solution colored blue, for example, this 
blue tincture will be unable to penetrate and color 
the celluloid except at the base portions b, which 
remain bare and have not been made impermeable. 

After this operation the surface of the celluloid will 
present a series of parallel lines automatically and 
exactly juxtaposed, and colored alternately by the red 
fatty substance R and the blue tincture B (Fig. 6). 

That is to say it will constitute a first group of two 
primary colors, which, it goes without saying, have 
been previously suitably studied from the optical point 
of view. 

If the same series of operations is repeated later on 
simultaneously on the other side of the celluloid, sup- 
posing the sheet to be thin enough to avoid any dam- 
aging ulterior effect of parallax, and if the two colors 
juxtaposed on this side are, for example, yellow and 
violet, then by means of superposition and optical fusion 
we shall have a correct quartet of colors. M. Dufay has 
applied the following rule to constitute screens of four 
colors optically correct, capable of a perfect rendering 
of colors: 

Upon a first group of transparent primary colors, ex- 
actly juxtaposed side by side under the form of lines, 
dots or any microscopic figures whatever, it is neces- 
sary (and sufficient) to superpose, in practically in- 
timate contact, a second group of two other transparent 
colors, namely: the third primary color, that is, the 
one not entering into the composition of the first group, 
beside which its exact complementary is juxtaposed. 

Wherefrom we obtain three combinations of screens: 


Fig. 4. 

A.—First group composed of yellow and blue juxta- 
posed, upon which is superposed a second group of 
red and green. 

B.—First group composed of yellow and red juxta- 
posed, upon which is superposed a second group of 
blue and orange. 

C.—First group composed of red and blue juxta- 
posed, upon which is superposed a second group of 
yellow and violet. 

These three different quartets constitute equally per- 
fect chromatic filters, and we perceive that such a 
process leads to important industrial simplifications, 


since it suppresses the very great difficulty of the juxta- 
position of three colored elements side by side. It also 
permits us to vary infinitely the form and the arrange- 
ment of the colored microscopic elements, etc. 

This new process, which is based on the molding of 
celluloid, enables us to obtain automatically screens of 
any degree of fineness whatever. Thus, in practice, 
screens have been obtained comprising as high as 900 
perfectly transparent geometric colored elements jux- 
taposed alternately with mathematical accuracy in a 
square millimeter. 

Upon a film prepared as above, and rendered capa- 
ble of selecting and recording all the colors of the 
spectrum, is spread a layer of negative emulsion, ex- 


Fig. 5. 
tra rapid and properly panchromatized. 

The film is now ready, to be cut into any shape de- 
sired to be employed in any apparatus in current usage, 
kodaks, cinemas and so forth, or mounted on glass to 
be used in apparatus which employs plates. 

The taking of the view, the development and the 


fixing are done in the ordinary manner; but the nega 


tive, after being developed and fixed, exhibits the re- 
markable peculiarity of reproducing all the complemen- 
tary or negative colors of the subject photographed ; 
it will be an anti-chromatic negative, which can be 
utilized for multiplication and printing by contact an 
indefinite number of reproductions of the image in 
colors. 

If, in fact, we print this anti-chromatic negative film, 
by contact, in an ordinary printing frame, on a film 
which itself also bears a selective screen created by the 
above process, but covered with a positive emulsion, 
making use for the printing either of ordinary day- 
light or of artificial light, a new selection will auto- 
matically occur during the impression; the negative or 
complementary colors of the negative will be counter- 
printed on the positive film, yielding this time an image 
in the real colors of the subject photographed. 

It makes little difference, of course, whether there 
is, during the printing, concordance or not between 
the colored divisions of the negative screen and those 
of the positive screen, these colored divisions being so 
minute as to constitute practically a continuous model. 

To resume, the process invented by M. Dufay com- 
prises two kinds of films or sensitive surfaces, abso- 
lutely like the black films, 

The process consists in the utilization of the remark- 


Fig. 6. 


able plasticity of celluloid, which molds itself exactly 
upon microscopic contouurs, a property which had al- 
ready been used in optics to obtain excellent commer- 
cial replicas of the screens of Powland. 


A Remarkable Mummy 


A REMARKABLE mummy, which was discovered in 1903 
in an ancient cliff dwelling in the Tularosa Mountains 
of western New Mexico, has recently come into the 
possession of the department of anthropology of the 
American Museum, presented by Dr. 8. M. Strong, now 
of the Medical Corps of the United States Army at 
Atlanta, Ga. The cliff dwelling from which the mummy 
was taken was situated in a cave some two hundred feet 
above the bed of a cafion. The finder dug down into 
this cave to a depth of about nine feet, through six feet 
of loose débris above three different house floors, denot- 
ing successive periods of occupation. Under the third 
floor he came upon the body, which was in almost per- 
fect condition, lying with head to the east and hands 
crossed upon the breast, the thighs bent upon the abdo- 
men and the legs flexed. The mummy was wrapped in 
three blankets woven of ribbit skins, and beside it were 
thirteen pieces of decorated pottery, some stone axes, 
spear and arrow heads, and a gourd containing a handful 
of parched corn. In one hand the mummy held a stone 
pipe and in the other a tobacco pouch, while on the wrists 
were bracelets of bone and shell. An earthen pot had 
been inverted over the head, which is covered with 
reddish brown hair about eleven inches long. The fur 
blankets are said to illustrate one of the very oldest 
known forms of weaving.—The American Museum 
Journal. 
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Unsinkable Ships—I’ 


Previous Systems Discussed and a New Method Suggested 


Ir is my intention tonight to deal with the engineering 
part only, and to see what are the possibilities of en- 
suring the flotation of a big ship, which I believe to be 
the best means of ensuring safety at sea. There are 
three systems which I propose to deal with in the pres- 
ent paper, the three which I consider at the moment as 
being the best to come under discussion :—I1st, The 
air-pressure system; 2nd, the “Brunton” system; 3rd, 
the “Eley” system. 

Dealing firstly with the air-pressure system, the prin- 
ciple involving the use of same is of a simple char- 
acter. If a ship has a portion of her bottom torn away 
or is open to the sea on either side for a short vertical 
distance from the bottom, and the vessel has been ar- 
ranged upon an air-tight construction, it is only neces- 
sary to pump air into the damaged compartments up 
to a pressure which will balance the head of water out- 
side of the ship. This air under pressure will force 
the water out of the ship down to the highest point of 
the damage, and the ship will retain nearly her normal 
buoyancy. There are, however, at least two serious 
limitations to the use of this system—Ist, the damage 
to ships is more often than not too high up for its 
serviceable use; 2d, the bulkheads and decks have to 
stand heavier strains than a flooded compartment would 
put upon them. 

In the case of the first drawback it could be illus- 
trated by, the case of a collision, or a ship subjected to 
shell fire, mine or torpedo. In either case the damage 
would be high in the vessel, and there would probably 
not be time to make the high damaged parts air-tight to 
enable air-pressure to be used effectively, and conse- 
quently this system would be absolutely useless. 

In the second case, let us assume a vessel of 54 ft. 
draught and the deck above the damaged compartment 
18 ft. above the keel, or 12 ft. above the tank top, 
the damage being just about the tank top. The air 
pressure necessary to keep back the water would have 
to be about 14 Ibs. per square inch, which pressure 
the deck above would have to be able to stand; whereas 
with flooding, the pressure on the underside of that same 
deck would only be about 8 lbs, per square inch. 

Taking into account the main facts that a com- 
pressed air system would only be suitable when the 
damage is low down in the ship, and the secondary 
facts mentioned, I consider it is not a suitable system to 
meet the various kinds of damage to ships, and could, 
therefore, not recommend its adoption as a permanent 
fitting in a vessel, although for raising a ship after 
sinking it is doubtless one of the best known systems. 

Next to the compressed air system in the order of 
my paper comes the “Brunton” system. For the benefit 
of those present who may not be acquainted with this 
system I will describe it in the inventor’s own words. 

It is hydraulically to divert the main circulating dis- 
charge water into a compartment at the extreme after 
end of the vessel, assuming that the damage is for- 
ward, thus giving the greatest moment and creating a 
head of water to any extent necessary. This also prac- 
tically constitutes a dead weight. The effect of this is 
to overcome the head of water at the damaged end of 
the ship. Once this is done the witer in the after 
compartment has—may I say—got the upper hand. 
The ship will then begin the return movement to a 
jevel keel, and it will then be necessary to pump a 
certain amount of water out of the after compartment, 
otherwise the vessel will continue changing trim, until 
she is trimmed by the stern; but with careful handling 
she can be brought to and retained on a level keel, 
and remain so for any period of time without neces- 
sitating the working of any pumps or any other gear. 
The inventor adds that he has made extensive experi- 
ments, which have been witnessed and thoroughly tested 
by many of the leading shipbuilders, naval architects 
and engineers of this country. There is no doubt that 
the arrangements suggested are simple (as is also the 
air-pressure system previously described), and, further, 
in certain classes of damage when the interior of the 
ship is open to the sea it might just be operative, but, 
like its predecessor, it is limited in its usefulness, and, 
therefore, cannot be recommended for adoption for all 
kinds of damage a ship is likely to meet with in these 
days of fast travel and danger zones. As an example 
of this, Mr. Brunton sent a letter to the editor of 
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Engineering, which was published in the issue dated 
26th November, 1915. 

In that letter to Engineering he wrote that his method 
was the only one known which does not necessitate con- 
tinued action, and would effectively bring a vessel into 
such a position that she could easily be taken any num- 
ber of miles without the slightest risk of sinking. As an 
example, he wrote, let us consider a vessel with similar 
damage to that of the Titanic—that is, the forward com- 
partments being broached, causing a considerable trim 
by the head, then I think you will agree that, instead 
of endeavoring to pump the water out of the damaged 
compartments, the easiest method of getting the water 
out is to use the method of raising the head, thereby 
causing the water to run out of the hole by which it 
came in. The method I propose for doing this is to 
hydraulically divert the main circulating discharge wa- 
ter into a compartment at the extreme after end of the 
vessel, etc., as before described. Unfortunately, Mr. 
Brunton had evidently not read my book carefully before 
writing that letter, or he would have referred to some 
vessel other than the Titanic. As it was a direct chal- 
lenge to the pumping system which I had advocated, I 
felt bound to take up the challenge on behalf of direct 
pumping, and on 17 December, 1915, Engineering pub- 
lished my letter on the same subject. This letter reads 
as follows: 

In your issues of Engineering, dated 19th and 26th 
November, you print letters on “Compressed Air for 
the Salving of Battleships” and “How to keep a 
Damaged Ship Afloat” respectively. As I cannot 
agree with the views of Mr. Brunton, the writer 
of the last-mentioned letter, I will be glad if you 
will kindly give the same publicity to the following: 

Mr. Brunton stated :—‘Assuming that a ship is 
damaged forward, there are three methods whereby 
the bows can be prevented from sinking.” I think 
the words “might be” should have been used, as I 
believe it would be very risky for a shipowner, or 
our Admiralty, to trust to either the first or third 
methods mentioned by Mr. Brunton, whilst the 
second method, which Mr. Brunton deprecates the 
use of, is, in my opinion, the very best system the 
shipowner could adopt. 

Let us review the systems in the order given by Mr. 
Brunton: 

First System.—The admission of compressed air into 
damaged compartments, ete. I agree with both writers 
that such plant could not be serviceably used, because 
with any perforation high up in the flooded compart- 
ment the air would escape instead of forcing out the 
water. 

Second System.—The pumping of the water out of 
the compartment as fast as it enters, thereby limiting 
the amount of water in the ship. This method is, in 
my opinion, the safest to adopt, because not only is 
pumping machinery of today almost immune from break- 
down over long periods of time, but also because the 
greater part of the ship and its contents could be kept 
dry, and the vessel in most instances would not be 
suffering from either “heel” or trim. 

Take the case of the Titanic, mentioned by Mr. Brun- 
ton, as an example. If Lord Mersey’s report on the loss 
of that vessel is carefully read, it will be seen that the 
water entered through the damage at the rate of about 
300 tons a minute; and if 30-inch suction pipes had been 
provided into the bilge from each of the 29-inch cen- 
trifugal circulating pumps, and the water-tight doors in 
the bulkheads had been left open, or means provided for 
passing the water through the double-bottom to the 
pump suctions, such pumps could have put the whole 
of the water overboard as fast as it entered, and they 
would have been doing only their ordinary daily work. 
Further, if the four electric lighting engines had been 
arranged with four 50-inch centrifugal pumps, these, 
with the circulating pumps, could have put overboard 
four times the quantity of water entering the Titanic 
without having to close a water-tight door in the ship. 
Electric pumps might have been provided if preferred. 
With pumps of either type no difficulty would arise, in 
my opinion, in getting the vessel into port from the 
middle of the Atlantic. In fact, as the damaged com- 
partments would have been open for inspection, most of 
the damage could probably have been closed. 

Third System.—The pumping of water into the stern 
to create a head which would have the effect of forcing 


the stern down and lifting the bow. This system is, in 
my opinion, very little better than system No. 1, owing 
to its narrow range of usefulness. I agree with Mr. 
Brunton “that any water above the damaged part of the 
ship should not be reckoned as weight.” But it must 
not be forgotten “that the whole of the compartments 
open to the sea have lost buoyancy,” and such part of 
the ship will have to be supported by the sound part of 
the vessel. In some types of damage this loss of buoy- 
ancy may be so extensive as to prevent salving a ship 
by such a system. 

Let us look well into an exact case again, say the 
Titanic, as it will compare with what I have written 
under System 2, and will also keep to the case named by 
Mr. Brunton. I reproduce a drawing of the Titanic 
from Lord Mersey’s report. The vessel’s length was 852% 
ft., the beam 92% ft., and the weather deck 64 ft. above 
the keel amidships. The displacement was 52,310 tons 
at 34 ft. 7 in. draught. Assuming that the immersed 
length of the vessel, say 825 ft., was constant, and the 
34 ft. 7 in. draught was equal throughout its length, 
the average breadth of the parallelopipedon would be 64 
ft. Therefore, at the time the Titanic struck the ice- 
berg, as the draught was 32 ft. only, the displacement 
would be about 48,000 tons. When the loss of buoyancy 
occurred to 304 ft. of the vessel forward, the remain- 
ing 521 ft. had to carry the whole of the 48,000 tons; 
and assuming an even keel the draught would be in- 
creased to 48 ft., without reckoning anything for weight 
of water in the ship below the damage. Then if water 
was pumped into compartments aft to balance the loss 
of buoyancy and the 2,600 tons of water in the for- 
ward compartments below the damage, the four after- 
most compartments would have to be filled up to the 
top of the water-tight bulkheads. By careful calcula- 
tion I find that, allowing 20 per cent. for fittings, cargo, 
stores, machinery, etc., there would be 5,828 tons of 
water in such four compartments, and that it would 
just about balance the turning moment forward. It 
would, however, have put the vessel down to 64 ft. 
draught on an even keel, and the water would then 
have been 17 ft. above the line of reserve buoyancy ; 
and, therefore, the vessel could not have been saved. 

In Professor J. J. Welsh’s paper, read before the North- 
east Coast Institution of Engineers and Shipbuilders at 
Newcastle on December 17, 1915, he dealt very exten- 
sively with the stability and trim of ships, dealing 
chiefly on the intermediate conditions which are likely 
to occur on a ship between the time of receiving the 
damage and the time at which the vessel is brought 
into trim theoretically. In a system like the Brunton 
for keeping a vessel afloat Professor Welsh’s paper 
should be very carefully studied; but in a system of 
direct pumping, with pumps arranged for immediate 
action, and perhaps revolving slowly when in the dan 
ger zone, such watchfulness would not be necessary, 
as there would be no tendency for the vessel to loll. 

Now the third system, which, having patented it, I 
will call the “Eley” system, deals mainly with direct 
pumping combined with central means of indicating the 
position and amount of damage, central means for op- 
erating the pumps and for levelling the water in the 
ship for keeping a level keel. Collision mats of a spe- 
cial character may also be used. In connection with 
the use of this special apparatus, it is proposed to 
train certain of the ship’s engineers to act as “salvag’ 
engineers,” who would go to their station when the ve 
sel was in trouble or when in a danger zone just in tly 
same way as a “gunner” would go to his station. 

The salvage engineer’s station would be a small cor 
partment in the most invulnerable part of the ship, say 
about 12 or 15 ft. long by 6 or 7 ft. wide. On one of 
the longer sides, about 6 ft. above the deck, a flat sec 
tional model of the ship would be placed with slides te 
operate vertically as indicators to show at a glance if 
water was building up in any compartment, and at what 
rate. Assuming transverse bulkheads only. Just below 
each compartment of the model it is proposed to place 
the means for starting the pumps fitted in each respec- 
tive compartment. 

Os: the deck, close up to the side of the compartment 
Where the model is placed, I would fix a system of levers 
almost like the levers in a railway signal-box, one for 
each compartment of the ship. Such levers would con- 
trol the opening and closing of the valves to be operated 


April 


for lev 
the do 
Let | 
proach 
his pos 
doing | 
from t 
the in 
model. 
tor he 
partme 
pumps 
die the 
He wil 
tion ( 
length 
the do 
a 
and th 
he find 
levers 
compal 
ing ow 
ship's 
cially 
of the 
ant wi 
aged ¥ 
m:ke | 
If th 
to deal 
or 
permit 
of all « 
the da 
good.” 
be tre 
the ve 
leakag 
All 
torped 
the she 
of thin 
help it 
ships 8 
naval 
in the 
what 
men. 
In ¢ 
the Ad 
not be 
huge ¢ 
the shi 
ing De 
would 
ship, s 
such n 
the fer 
would 
the gui 
powers 
On the 
be ine 
to figh 
probab 
Hert 
board 
in som 
ample 
ing pu 
lieve « 
for pu 
provid 
the in 
the shi 
believe 
wartin 
the Ti 
matter 
chant 
stroye 
auxiliz 
conseq 
matter 
By t 
be abl 
vessel 
out ag 
necess: 
the av 
the in 
What 
one se 


{ 


1918 


is, in 
owing 
h Mr. 
of the 
must 
ments 
art of 
art of 
buoy- 
| ship 


y the 
ritten 
ed by 
itanic 
852% 
above 
tons 
ersed 
1 the 
ngth, 
be 64 
ice- 
ment 
ancy 
nain- 
fons ; 
e in- 
eight 
vater 
loss 
for- 
fter- 
the 
cula- 


April 13, 1918 


SCIENTIFIC AMERICAN SUPPLEMENT No. 2206 239 


for levelling the water in the ship, preferably through 
the double-bottom where such exists. 

Let us suppose that a large vessel so fitted is just ap- 
proaching a danger zone and the salvage engineer is at 
his post. Then, suppose the ship strikes a floating mine, 
doing immense damage, say, at the third compartment 
from the stem. The salvage engineer will see at once 
the indicator rising at the third compartment of the 
model. By means of the pump starter below the indica- 
tor he will at once start the pumps in the third com- 
partment. He will see at a glance, however, that the 
pumps in such compartment will not be sufficient to han- 
die the huge quantity of water coming into the ship. 
Iie will, therefore, pull over the lever at the same posi- 
tion (No. 3) and let the water travel throughout the 
length of the ship through the pipes or passages in 
the double-bottom, whichever is provided. Then, if it is 
a 20-compartment ship, he will pull over No. 18 lever, 
and then start the pumps in No. 18 compartment. If 
he finds that the water is still gaining he can pull over 
levers No. 4 and No. 17 and start the pumps in those 
compartments, and so on, until he finds that he is pump- 
ing out water faster than it is entering the vessel. The 
ship’s carpenter and crew could put into position spe- 
cially constructed collision mats, or make good inside 
of the ship, or do both, as by keeping the vessel buoy- 
ant with pumping the inside of the compartment dam- 
aged would be open for the purpose of inspection, or to 
mike good the damage temporarily. 

If the damage is too great for the pumps in the ship 
to deal with the whole quantity of water entering it, one, 
or perhaps two, damaged compartments even might be 
permitted to flood whilst the water was being kept out 
of all of the other compartments and the damage, except 
the damage in the two flooded compartments, “‘made 
good.” Then the two flooded compartments could each 
be treated in the same way if possible. In any case, 
the vessel would not founder through consequential 
leakage, as many ships have done. 

All kinds of ships are being sunk by floating mines, 
torpedoes, and gunfire, and the time may soon arise when 
the shortage of ships will be critical. Such a condition 
of things must never be permitted if we can possibly 
help it, and one of the best ways to help it is to keep our 
ships afloat. And how do we know whether the German 
naval officials are not already looking after their vessels 
in the same way as I am suggesting? And if they are, 
what an advantage they will have over our own naval 
men. 

In connection with my scheme, I would suggest to 
the Admiralty constructors that proper provision would 
not be difficult to make in new construction whereby the 
huge quantities of water required to be passed out of 
the ship could be. I would also suggest to the Engineer- 
ing Department that the small amount of added weight 
would make very little difference in the draught of the 
ship, so would not interfere with its speed; and where 
such means exist in the vessel to save it from sinking 
the few inches less of freeboard would not matter. It 
would certainly not be necessary to leave out any of 
the guns or propelling machinery ; therefore, the fighting 
powers of the vessel would not be impaired in any way. 
On the contrary, the fighting power of the ship would 
be increased owing to the fact that she could continue 
to fight even though badly damaged, instead of sinking, 
probably with her whole crew. 

Heretofore, auxiliary pumps have been arranged on 
board of ships to deal with incoming water, and these, 
in some cases, only in a half-hearted way. As an ex- 
ample of this, the Titanic had four centrifugal circulat- 
ing pumps, with 29-in. inlets and outlets, and yet I be- 
lieve only 18-in. suction pipes were led to the bilges 
for pumping water out of the ship. If she had been 
provided with 29-in. or 30-in. suctions into the bilges, and 
the incoming water had been permitted to flow through 
the ship to them and to the other pumps in the vessel, I 
believe she could have been saved. As buttleships in 
wartime have to put up with much greater damage than 
the Titanic received, and also merchant ships for that 
matter, since the German edict went forth that all mer- 
chant ships it was possible to destroy were to be de- 
stroyed, it is useless to attempt to depend on the usual 
auxiliary pumps only for salving the vessel if torpedoed ; 
consequently, it requires a bold scheme to deal with the 
matter effectively. 

By the adoption of my scheme, engineers in ships will 
be able to watch complacently the water entering the 
vessel like a huge waterfall, and see the pumps forcing it 
out again as fast as it enters, and faster at first if 
necessary, whilst the ship’s carpenter could be using all 
the available means in the ship to restrict the area of 
the incoming water until it was stopped altogether. 
What a marvelous change from the old style of every- 
one seuttling out of the ship because it was “doomed.” 


I trust that these remarks will not be treated lightly, 
as we are living in serious times; but that thinking men 
at the Admiralty and at the offices of the big steamship 
companies, and shipbuilders, will take careful note of 
my suggestions and to immediately act upon them if they 
see as much in them as I do, I will be willing to render 
any assistance that lies in my power to apply my sug- 
gestions. 

In my book on this subject, I selected the Titanic 
as an example of a sinking liner, not merely because 
of her size, but because she was recently built, and was 
supposed to contain all that was good and necessary in 
the way of machinery. Also because of her special con- 
struction she was a simple case, easily understood in 
the matter of sinking. Also because the evidence of 
the rate at which the incoming water entered the ship 
was very clear. I also selected the Victoria as.an ex- 
ample of a battleship sinking because it has been so ex- 
haustively dealt with’ by the Constructional Department 
of the Admiralty, and also because I knew practically 
every hole and corner in her from the top of the mast 
to the keel. The first news that I had of the H.MLS. 
Formidable being sunk gave very little information, and 
my thoughts immediately turned back to the sinking of 
the battleship H.M.S. Victoria, in 1893, after being 
rammed by the Camperdown during mimic warfare in 
the. Mediterranean Sea; and I wondered if the Formid- 
able had “turned turtle” in 11 minutes as the Victoria 
did, and if it was caused by the usual “trap” arrange- 
ment of water-tight doors, which enabled the incoming 
water to be nicely locked up in the head or stern of 
the vessel so that it could not possibly be pumped out 
by the auxiliary pumps in the center of the ship, and 
as it gradually gathered weight the vessel became un- 
stable, and finally turned over, or tipped up on end as the 
Titanic did, and then took a final plunge to the bottom 
of the sea in double quick time, so that the bulk of her 
crew had no chance of escaping the instant death await- 
ing them. 

You will probably think from the foregoing that I am 
not a lover of water-tight compartments in ships. I 
am strongly in favor of them being used if communica- 
tion arrangements are employed in conjunction with 
them for balancing the ship, either by means of large 
valves and pipes or passages running from the fore to 
the after part of the ship or by means of doors or 
sluice-gates on the bulkheads themselves. Some water- 
tight decks are still worse if not operated correctly at 
the critical moment, and if the lowermost decks are 
water-tight ones they must be thoroughly understood 
by those responsible for the safety of the ship, or they 
would be much better riddled like a sieve. Can you 
conceive of anything worse than the water-tight scuttles 
on such a deck being closed, which I believe they are 
expected to be. What is likely to happen? If the ves- 
sel is rammed by another, or torpedoed above that lower 
deck, the water will build up on it, raising the center 
of gravity, which is already high, to a dangerous point 
quickly ; the vessel becomes unstable and turns over, 
whereas if the water were allowed to fall right into the 
bottom of the ship it would not only add to its stability, 
but the water would have a chance of reaching the 
pumps which are arranged for pumping from the bilge 
into the sea. 

In the one case you would have the vessel turned over 
in about ten minutes, with the bulk of the crew locked 
inside of it; or if the injury was forward it might tip 
up on end, fill rapidly, and sink in about the same time. 
In the other case, the pumps would be dealing with 
the incoming water, the vessel would keep an even keel, 
and probably the vessel would be actually saved. In any 
ease, she would sink so slowly that there would be ample 
time for everyone to escape if it was seen that the ship 
was doomed. 

The only time when such a water-tight deck could be 
of service would be when the ship is perforated below 
such deck. Then by closing the horizontal water-tight 
scuttles the incoming water would be prevented from 
rising about that deck. In no case should the water- 
tight scuttles be closed in such a deck excepting in the 
circumstances named. 

The sinking of the Formidable immediately set me 
thinking how she could be raised, just as the loss of the 
Victoria did twenty-two years earlier; and whilst cogi- 
tating on a certain scheme which in those earlier days 
occurred to me, and which was still fresh in my mind, 
the thought came to me—“Why not prevent ships sink- 
ing?’ It would be easier than raising them. After 
giving some thought to the possibilities of doing this, 
wading through certain hydraulic formulas and making 
calenlations, in which entered H.M.S. Victoria, Titanic, 
H.M.S. Hogue, Cressy and Aboukir, H.M.S. Formidable, 
H M.S. Tiger, and H.M.S. Queen Elizabeth, I came to the 
conclusion that it is quite possible to save a big ship 


from sinking even though she was badly holed by a tor- 
pedo or mine. 

The figures obtained in these researches were a reve 
lation to me, and will no doubt also surprise not a few 
of my hearers when they see them. For instance, when 
the Titanic was lost we had estimates given to us of 
the number of foot tons striking force due to the weight 
and speed of such an immense vessel. We also were 
told that with such an immense striking force the whole 
of the bottom was ripped open like a sardine tin would 
be with a tin opener. Then, when Lord Mersey’s report 
was published, it was seen that the damage was not in 
the bottom, but on the starboard side, 10 ft. above the 
keel, and that the damage, which extended for about 200 
ft. of the vessel’s length was so great that the ship 
was doomed the moment that it struck. Even this 
makes the damage still look enormous and quite beyond 
the powers of a pumping plant to deal with. 

I have, however, shown by careful calculation how the 
total perforation could not have amounted to more 
than between five square feet and six square feet area; 
which means an average width of only a quarter of an 
inch throughout the 300 ft. length of the damage. By 
this I do not mean that there was just a slot cut in the 
vessel’s side 200 ft. long by a quarter of an inch wide, 
but the equivalent of it. The damage was no doubt 
very irregular, being at its worst in No. 2 and No. 3 
holds, about 150 ft. from the head of the ship. Ice, being 
of a brittle character, was kinder to the vessel than a 
granite rock would have been, and it no doubt only 
perforated the side of the ship in places along the 300 ft. 
of damage. I merely mention the Titanic at this stage 
as an illustration of how the damage received by a 
ship may be somewhat magnified without actual calcula- 
tion is entered into. 

Of course, the idea of preventing vessels sinking is by 
no means new. It has been engaging the attention of 
boat and shipbuilders no doubt ever since the earliest 
times; but as ships have increased in size, weight and 
speed, the shipowners and shipbuilders responsibilities 
have likewise increased, until today all the ingenuity of 
man is called into play to provide satisfactory means to 
prevent the loss in life and property, which may be in 
one ship equal to that of a small town. That such pro- 
vision has not been effectively made is instanced by the 
number of maritime casualties recorded annually. 

I believe many vessels founder through having insuffi- 
cient pumping machinery on board to deal with the in- 
coming water, due to the ship straining in a storm. 
In other cases, I believe vessels” founder through want 
of knowledge on the part of engineers, either through 
only having just joined their vessel or through not hav- 
ing studied the question of balancing their vessel and 
forming a proper course as to how to act in cases of 
emergency in the matter of closing or opening com- 
municating doors of water-tight compartments. In 
other cases, again, I believe vessels have been lost which 
had on board sufficient power in their auxiliary pumps 
to save the ship, but owing to the bad arrangement of 
same it was impossible for them to be used. As 
a rule, however, the auxiliary pumps on a ship are not 
sufficient to deal with the incoming water caused by col- 
lision or by torpedo, but require to be supplemented with 
a complete system of pumps capable of starting to- 
gether at a moment’s notice, whereby the whole of 
the forces existing in the ship for the purpose of pro- 
pulsion could be utilized for propelling water from the 
vessel when open to the sea, or such part of those forces 
as any particular condition calls for. Probably the same 
idea has been in the minds of others, but as it does 
not appear to have been adopted, the ground is evi- 
dently quite new for practical application. 


[TO RE CONTINUED] 


Wheat, Rice and Maize Grains 

In the case of wheat and rice grains, the anti-neuritic 
vitamine is concentrated mainly in the germ or embryo; 
it is also present to a less extent in the bran. Ordinary 
white (wheaten) flour is deficient in the substance and, 
if used as an exclusive diet, will induce polyneuritis in 
pigeons or beri-beri in man. The embryo of maize 
grains also possesses marked antineuritic properties. 
The addition of wheat germ to a diet of polished rice in 
quantity (3 grms. every second day), sufficient to prevent 
polyneuritis in pigeons, also maintains the weight and 
general health of the birds; in larger quantities (2 to 3 
grms. every day), it leads to great increase in the boly- 
weight. Tinned meats and vegetables are deficient in 
anti-beri-beri vitamines and a diet consisting of these 
preserved foods should be supplemented by wheaten 
bread containing the germ of the grain.—Note in J. Soe. 
Chem. Ind. on an article by H. Cutck and E. M. Hume 
in Proc. Roy. Soc. 
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Molecular Heat of Gases 

BserrumM (Zeitschr Elektrochem. 1911, 17, 731) 
appears to have been the first to consider in some detail 
the question of the molecular heats of gases, by taking 
into account the motion of the molecule as a whole and 
the motions of the constituent atoms, It has long been 
recognized that a material body is capable in general 
of three types of motion, viz.: motion in respect of 
translation, rotation and vibration. To each type there 
corresponds a certain number of degrees of freedom. In 
the case of translation the number of degrees of free- 
dom is known to be three, and, corresponding to this, 
the molecule of any gas must possess energy to the 
amount 3/2 RT. This is true whether the molecule be 
monatomic or polyatomic. It follows that the minimum 
value for the molecular heat of any gas is 3/2 R. or 2.98 
calories per degree. The measurements of Pier, in the 
case of the monatomic gas argon, have shown that this 
substance actually possesses the value 2.98 and, fur- 
ther, this quantity is independent of the temperature. 
It follows, therefore, that a monatomic molecule does 
not possess any rotational energy. It is obvious, of 
course, that it is Incapable of vibration. Since the mon- 
atomic molecule, i. e., the atom itself, is evidently in- 
capable of rotation, it has to be regarded as a massive 
point. One would expect this to be true of any atom. 

In dealing with a diatomic molecule, Bjerrum ascribes 
to it three degrees of freedom in virtue of translation, 
two in virtue of rotation, and one in virtue of vibra- 
tion, i. e., vibration along the line joining the two atoms. 
As our present purpose is to consider more especially 
the question of rotation of gas molecules, we are not 
further concerned with the treatment of vibrations 
which Bjerrum gives in terms of the quantum theory. 
Rotations are regarded in the first place as being gov- 
erned by the equipartition principle of classical sta- 
tistical mechanics, i. e., the amount of kinetic energy 
per degree of freedom is 1/2 RT. and, as rotational en- 
ergy is regarded as being entirely kinetic,’ the amount 
energy in the rotational form in a diatomic molecule is 
RT. The rotation of this type of molecule is analogous 
to that of a cylinder rotating around its major axis. In 
spite of the analogy, one can scarcely avoid the con- 
clusion that rotational energy is here attributed to each 
atom, a conclusion which it is difficult to reconcile with 
the results obtained in the case of argon. 

In molecules containing three or more atoms, Bjerrum 
considers that there are three degrees of freedom in re- 
spect of rotation. He is obviously treating such mole- 
cules in exactly the same way as we would treat a solid 
sphere. On summing the various energy terms due to 
the different types of motion, Bjerrum has succeeded in 
accounting. more or less satisfactorily, for the observed 
molecular heats of a number of gases. We are rather 
inclined to think, however, that the number of degrees 
of freedom chosen is a little arbitrary. Whilst recog- 
nizing the value of Bjerrum’s contribution to the sub- 
ject, it is obvious, at the same time, that the problem 
is by no means solved. This will be apparent when we 
come to consider the views recently put forward by 
Kriiger. 

Kriiger (Ann. Physik, 1916, [4], 50, 346; ib. 51, 450) 
takes up the position that molecules as well as atoms of 
gases are quite incapable of rotation. In place of 
rotation Kriiger substitutes precessional vibrations, the 
molecule being essentially gyroscopic. These vibrations 
are totally distinct from the “normal” vibration of two 
atoms along the line joining their centers. Kriiger’s 
treatment deals with diatomic molecules of the Ruther- 
ford-Bohr type, that is, a molecule consisting of two 
atomic nuclei with two or more electrons rotating round 
the line joining the atoms. As a result of collisions with 
other molecules, Kriiger considers that these electrons 


may suffer displacements and give rise to vibrations 


perpendicular to their line of motion, with the result 
that the atoms themselves move round in small orbits, 
i. e., the molecule possesses motion of the precessional 
type. Krtiger points out that such motion is entirely 
kinetic and involves two degrees of freedom, the cor- 
responding energy term being RT, which is identical 
with that postulated by Bjerrum on the basis of rotation. 
As far as diatomic molecules are concerned, therefore. 
Kriiger’s view is as capable of taking account of the 
molecular heats as is the view of Bjerrum. Kriiger’s 
treatment possesses, however, the very “considerable ad- 
vantage that it does not postulate atomic rotations, 


‘As a matter of fact, Bjerrum has shown that the potential 
energy of rotation is a negligibly small fraction of the kinetic 
energy. In a later paper (Nernst Festschrift, 1912, p. 90) 
Bjerrum regards rotational energy as a quantity which has to 
he treated from the standpoint of the quantum theory. He 
there indicates how this accounts for the broadening of cer- 
tain lines in the shorter end of the infra-red spectrum, such 
broadening being due to a number of fine lines lying’ on either 
side of the principal line itself. 


whether the molecule be monatomic or not. Further, 
Kriiger has shown that the precessional vibrations which 
are to be ascribed to a monatomic molecule (argon) 
correspond to frequencies so large that they need not 
be considered in connection with molecular energy con- 
tent and molecular heats. In other words, we arrive at 
the logical conclusion that a monatomic gas possesses 
translational energy alone. 

It may be mentioned that the precessional vibrat‘ons 
here considered may be treated from the quantum stand- 
point, just as the “normal” vibrations of the atoms may 
be treated. That is, the energy content, in virtue of pre- 
cessional vibrations, decreases with falling tempera- 
ture, and converges to zero as the temperature reaches 
zero absolute. Kriiger has also shown that the vibra- 
tion frequencies involved in precessional motion lie in 
the further infra-red region, at about 30 uw in the case 
of hydrogen, and that the so-called rotation spectrum 
(Bjerrum, Nernst Festschrift, 1912) is really due to 
precessional vibrations. Bjerrum, it may be remarked, 
ascribes the principal lines in the short infra-red spec- 
trum (\ less than 10 «) to the “normal” vibrations of 
the atoms along their line of junction. This conclusion, 
which is of course not traversed by Kriiger’s considera- 
tions, appears to be quite valid. 

On the whole, Kriiger’s view serves to bring the be- 
havior of monatomic and diatomic gases into very much 
closer relation and accord than had hitherto been the 
case. Considerable experimental work is still neces- 
sary, however, before we can decide between the theory 
of rotations and the theory of precessional vibrations 
in polyatomic molecules.—Prof, W. C. McC. Lewis in Sci- 
ence Progress. 


The Housing Problem in England 


Port Sunuient is the materialized expression of the 
ideals of Sir William Lever, carried out in the gen- 
erous spirit of its founder, and its success gives him 
the right to speak authoritatively on the present ques- 
tion of the shortage of cottages, a problem which has 
grown infinitely more acute since the outbreak of war. 
The underlying principles in the laying out of the 
estate for the benefit of the operatives in his own soap 
manufactory are that man being individual as well as 
gregarious needs separate dwellings to live In, instead 
of tenement houses in which he is herded like cattle and 
where, experience suggests, he rapidly degenerates; that 
the dwellings must satisfy the wants of the tenant 
even when these requirements are not quite in accord 
with the views of the builder, and that a little ground 
allotted to each cottage will be turned to profit by the 
tenant, and therefore become an asset to the nation. 
His experience in building, together with his sympathy 
and knowledge of the needs and psychology of the 
working man, has led him to criticize the schemes for 
better housing now mooted and to suggest what he con- 
siders a workable remedy. In Sir William Lever’s 
opinion the matter admits of no tinkering, and some 
drastic step will have to be taken to insure, not only 
adequate building in the present, but a continuous sup- 
ply for the future. He combats the scheme that has 
been brought forward (for the Government to take in 
hand all these building operations) on two grounds: 
(1) that it would drive the private builder out of the 
field through his inability to compete with the Govern- 
ment. Thus, if the Government were unprepared to 
maintain their building operations for an indefinite 
period, building would languish after the Government 
had ceased to deal with the question; and (2) that the 
Government is unsuited to the work, owing to its ig- 
norance of local conditions. In proof of this statement 
he instances a case of a London architect erecting in 
Yorkshire a house eminently suitable for Surrey, but 
not even rainproof in the stormy climate of the former 
county, and also the mistakes of Government in laying 
out an estate at Woolwich, where the roads and build- 
ings were so planned that the children had to go a 
mile and a half to the nearest school, and the only con- 
nection with the main roads was at the two ends of 
the estate. As the Government architect could not de- 
viate from the order to build 1,400 cottages, he therefore 
could not allow space for the necessary playgrounds, 
schools, ete. Sir William Lever’s remedy is for every 
municipality to purchase suitable land in the suburbs 
of its own town and give it free to the builders for the 
erection of cottages at such a rent as will enable the 
tenants to pay their fares to their places of work and 
still live cheaper than they could in the slums. He says: 
“As to the objection that it may be unjust to the re- 
maining portion of the population, the rates payable on 
the property built on this free land would not only pay 
for the land which was being given, but, in addition, 


result in a profit to the municipality adopting this pol- 
icy.” Neither is this giving of land as revolutionary ag 
it seems, for it has a precedent in the principle of the 
free education of the people—entirely State-supported— 
the utility of which is rendered abortive by compelling 
the children to live in conditions that “absolutely neu- 
tralize all the benefits derived from education.” To 
sum up in his own words: “* * * Dear land is the 
chief cause of high rents for cottage houses. The cheap- 
ening of the land will be the most powerful factor in 
reducing cottage rentals.”—Science Progress. 
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